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SAP STUDIES WITH HORTICULTURAL PLANTS 
\V. H . CHANDLER. 
SUMMARY. 
A very small proportion of the osmotic strength of leaf and cortex 
sap as measured by the lowering of the freezing point is produced by 
electrolytes, except in the leaves of succulent plants. It is also true 
that generally more than half of the osmotic strength of leaf 
and cortex sap is produced by neither sugars nor electrolytes. Pages: 
49.5 to 503. 
The molecular weight of the sap solute varies for different tissues, 
but for any given tissue it does not vary greatly except in early sum-
mer during the period of rapid growth when it seems to be some-vvhat 
smaller than at other times. The molecular weight of the sap solute" 
of twigs from peach trees that have been fo rced into vigorous growth 
by pruning seems to be smaller du ring most of the summer than that-
of the cortex sap of peach twigs from trees not so pruned. Pages: 
.'\03 to 509. 
During the growing period there is a fairly constant increase· 
in the molecular concentration of the cortex sap from the roots up 
through the trunk and large branches to the t\.vigs, exceptions to 
this, apparently, being most common in the trunk. In late winter 
this greater molecular concentration of the cortex sap in the upper 
portions of the tree does not generally prevail. Pages 50!1 to 512. 
The molecular concentration of cortex sap is the smallest during 
the period of rapid growth. In case of roots, especially, and to a· 
lesser extent in other tissues, the molecular concentration of the cortex· 
sap is not as great during early summer with trees that have been· 
fo rced into vigorous growth by heavy pruning as with t rees not so· 
pruned. Pages ·512 to 520. 
A molecular concentration as determined by the freezing point 
seems a fair measure of the condition of nutrition, at least of the roots. 
Pages 520 to 524. 
The molecular concentration of the young leavies near the growing 
point of peach and apple twigs is not as great as that of the old leaves. 
Pages 524 to 525. · 
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The molecular concentration of the leaves of fruit trees is 
generally considerably greater than that of the fruit except in the 
case .of some ripe fruits like cherries or currants. \Vhere this dif-
ference prevails the leaves are able to remove water from the fruit. 
There seem to be times in the orchard when the air is very dry. 
and the moisture supply limited when a large foliage may remove 
the water from the fruit to an injurious extent. Pages ;):25 to ;);3-±. 
PURPOSE OF THE STUDIES. 
In a study of killing of plant tissue by low temperature 1 it was 
thought at first that possibly changes in the sap during the winter 
might help to account for the increased hardiness of mature winter 
t issue. Accordingly, throughout the '.Yinter season and during part 
of the summer season. freezing point determinations. electrical resist-
ance and molecular weight determinations were made of sap from 
the cortex of the tissue. It was impossible to make these determina-
tions from the actual sap of buds because it would be impractical to 
get enough sap. Ko changes, howe,·er. conic! be found that would 
give any information as to the natur.e of the change by which plants 
acquire maturity (the greater r esistance to cold to be observecl in 
winter). These data then. as well as those from other sap studies. 
are published in this bulletin for any value they may have in determin· 
ing the nature of the sap solute of ho rticultural plants. 
METHOD OF SECURING SAP. 
T he determinations were all made from expressed sap. Few 
determinations were made from sap of sap wood since this could not 
be secured except at special times in late winter by tapping the trees. 
Sap could not be expressed by grinding the sap wood ancl subjecting 
it to any pressure that was availabJ,e. In case of nearly a ll of the 
·trees examined, however, cortex sap could readily be secured in this 
\Ya Y . If molar concentration. comparisons were to be made for vary-
ing seasons. it was necessary to secure the tissue. especially during 
the summer, at the same time in the clay. The molar concentration of 
the sap of leaves and. to some extent. of twigs, is greater in the 
afternoon, especially on a clear day, than in early morning. even 
though the superficial moisture has been removed. Of conrse if there 
is much dew on the leaves, necessar ily the mola r concentration indi-
cated will be smaller. The materials to be compared from clay to 
1. Research Bulletin Ne. 8, Missouri Agri. Exp. Sta . 
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clay were therefore gathered about 1eight o'clock in the morning clnring 
summer, and from nine to ten o'clock during winter, or as soon as 
the dew was full y off the tissue. On cloudy clays the tissue was 
gathered somewhat later, or if it were excessively dry, clear weather 
it was gathered somewhat earlier. Of course error could not be 
entirely eliminated in this way, but it was probably reduced to a 
1111!11111Ul11. 
Twigs for determinations in winter ·were generally gathered only 
on days when the tissue vvas thawed. If frozen periods were pro-
longed, the twigs were gathered and placed with their ends in water 
until they became apparently fully turgid. In all cases effort \vas 
made to use equally tnrg icl ti ssue. 
In securing sap from twigs. the cortex was scraped from the 
twigs under a low frame covered with a moist cloth, the frame being 
open on the side next to the operator. This cortex \Vas then finely 
ground in a food grinder and the sap expressed by use of the ap-
paratus shown in Figure I. The large blocks with the hole in the 
cent·er were made of dry hard maple that would not split. The small 
blocks were made of the same material and of the same contour 
as the hole turned in the large blocks and just enough smaller so 
two or three ply of eight-ounce duck would go between the surfaces. 
Before using the first time both blocks were immers·ec\ in hot paraffin 
to make them impervious to the sap. T he plant tissue was wrapped 
in eight- to t en-ounce cluck , pressed into the hole in the larg.e block 
and the small block set against it. These were placed in the press 
made of pieces o f 4"x4" lumber drawn together by use of two ordinary 
bench screws, one at each encl . T here was no difficulty in secur ing 
the sap very readily from the ground cortex of practically all twigs, 
and from the cortex of nearly all tree trunks and large limbs. 
Sap from leaves was secured in the same way as that from 
twigs. In the case of peach , plum and pear leaves, however, it was 
very difficult to express the sap. I t could not be expressed rapidly 
enough from these to avoid evaporat ion from the drops at the base 
of the block sufficient to cause the sap to show a greater molar con-
centration than it should. U sually it took nearly twenty-four hours 
to express enough sap from a block full o f ground peach leaves for 
a freezing point determination. Hence with these leaves there was 
inevitably some error caused by evaporation. 
Another sou rce of error in this method is the fact that the 
first sap expressed in this way does not generally show as great 
molar concentration as sap coming from the same tissue when it is 
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pressed more nearly dry. The following table will give an iclea of 
the error involved. 
TABLE L-FREEZIXG PorxT DEPRESSIOX OF FIRST SAP ExPRESSEl1 FRO:II PLAXT 
TISSCF; CO:IIPARED WITH THAT OBTAINED IlY APPLYIXG ADIHTIO:XAL 
PRESSURE TO THE SA:IIE Trssr E. 
First Second Last 
Variety Date sap sap sap 
expressed expressed expressed* 
2.024 2.161 2.552 
2.2 13 2.846 
2 .038 3. 172 
1. 815 2.2 10 
2.258 2.387 2.72 1 
1.977 2.600 
Elber ta twigs ...... .. 1Sept. 5, '08 
Elberta twigs... . . Sept. 5, '08 
Elberta twigs . . . · [Sept. 5, '08 
Elberta twigs . .. . . .. ,Sept. 5, '08 
Elberta leaves .... . .. . iSept. 5, '08 
Elberta leaves .... . .. . :sept. 5, '08 
*Tissue very dry. 
This is probably in line with the resu lts of D ixon <!lld Atkins.1 
1
-who found that when the protoplasmic membrane vvas r-=nclered per-
meable by use of liquid air the expressed sap showed a g r eater molec-
ular concentration. 
However. the possible error shown in the table \\'as taken into 
consideration and effort was made to press all tissue as nearly clrv 
as possible. so that the error was probably small except in the case 
of peach. plum and pear leaves. 
For freezing point and electrical resistance determinations the 
sap was not filtered and was used as soon as possible after being 
expressed. If it hacl to be kept for a number of hours. it was kept 
on ice. 
METHOD OF MAKING FREEZING POINT DETERMINATIONS. 
The purpose of freezing point determinations was to get an iclea 
of the total molar concentration of sap, making use of the experi-
mentally determined fact that the molecular weight in grams of any 
nonelectrolyte in 1000 grams of water will lower the freezing point 
about r.86° C. (electrolytes on account of dissociation, lowering it to 
a greater extent ). The usual Beckmann freezing point apparatus was 
1. Dixon, H. H ., and Atkins, ·w. R. G.-Methods of E xtract ing Sap from 
P lant Organs, Sci. Proc. R oy., Dublin Soc. N. Ser . Vol. 13, No. 28, (1913), 
pp. 422-433, and Cryoscopic and Conductivity Measurements in Some Vege· 
table Saps, same Vol. 13, No. 29, pp. 434-440. 
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used. All of the recognized precautions for accuracy in the use of 
this apparatus were taken with the exception that not in all cases was 
an effort made to read the thermometer to the third decimal place. 
Neither were extended readings and curves made to determine the 
actual freezing point of the_ sap, eliminating the necessary error caused 
by slight supercooling. The errors in getting the sap were no doubt 
sufficiently large that those last two precautions would not add to 
the accuracy of the determination. The important precaution of pre-
venting great supercooling by use of a small ice crystal dropped into 
the sap at approximately its freezing point, was observed, and freezing 
point determinations of distilled water for comparison were made 
at the beginning and end of each day's determinations. \,Vhere it was 
possible to secure enough sap, the freezing point determinations were 
alvyays checked with a new sample. However, even where the ice crystal 
was taken out of the sap with but slight melting, the same sample 
could not be used for a second determination as a check because in 
practically all cases a second freezing point determination of plant 
sap would show a higher freezing point than the first. This may 
possibly result from some polymerization of certain sap solutes, at 
least these same phenomena were not observed when sodium chloride 
solutions were frozen the second time. 
DETERMINING ELECTRICAL RESISTANCE. 
The electrical resistance was determined from parts of the same 
samples of sap from which freezing point determinations were made. 
The apparatus nsed for determining the electrical resistance was a 
Kohlrausch universal bridge. With this apparatus the scale readings 
under the bridge wire give the ratio of the bridge arms, and so 
the Desistance of the solutions is obtained by simply multiplying 
the known resistance by the observed ratio. In order to be able to 
make use of samples of sap not larger than two cubic centimeters, 
the electrodes were made somewhat small, about one centimeter 
square. They were so adjusted that there was no gr·eat variation in 
the cell constant from time to time, yet resistance determinations 
for one-fiftieth normal potassium chloride solutions were made with 
each day's running. The determinations were all made at a tempera-
ture of 25° C. It was possible to foeep the temperature constant 
by the use of a well insulated germinating oven. The cell and mercury 
connection cups were placed inside the oven with the wires running 
through the opening for the thermometer to the bridge on the outside 
of the· oven. In the oven the cell was placed in a pan of water' in 
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which a thermometer bulb was kept. The oven was surrounded by a 
water jacket and insulated \Yith \\·ool felt so temperature changes 
took place very slowly. Frequent thermometer readings were made, 
howe,·er. and since the room temperature was som etimes below 25 ° C. 
it was occasionally necessa ry to light a B unsen burner under t he oven. 
In the table~ the readings have been reduced to specific conductivity 
by compa ring them with resistance determinations of one-fift ieth 
normal potassium chloride. The constant of the cell used was deter-
mined by dividing the known specific conductivity of one-fiftie th 
normal potassium chloride ( 2.768 x Io :_: reciprocal ohms') by the rearl-
ing obtained with the cell used for one-fi f tieth normal potassium 
chloride. The specific conductivity of the saps was calculated by 
multiplying the conductivity (reciprocal of resistance) found with 
the cell used by the figure obtained for the cell constant. _-\nother 
column in the table also giYes the percentage of a normal solution 
of potassinm chloride that would have the same resistance. These 
were determined by making use of the table on page 744 of Vol. 3 
of Landolt. Bornstein uncl Meyerhoffer, P hysiklaische-Chemische Ta-
bellen. T he fignres for concentration given ther e, a fter correcting 
for the difference in temperature, were u sed to make the curve by 
which the specific conductivity for concentrations between those given 
m the table could be secured. 
The Depa rtment of Agricultural Chemistry has supplied reducing 
suga r analyses from samples of this sap. T able 3 shows the per-
centage of reducing sugar and also the percentage of a molar solution 
( the molecula r weight in g rams in a liter of water ) r epr esented by the 
sugar o f the sap_ The percentage of a molar solution represented 
by all of the materials in the sap was determined by dividing the 
determined freezing points o f the sap by r.86. 
The following table then gives the percentage of molar solution 
of all of the sap solutes as determined by the lowering of the freezing 
point ; the percentage of mola r solution as shown by the reducing sugar 
determination; the percentage of a normal potassium chloride solu-
tion that will have the same electrical resistance, and the percentage of 
a molar solution that is neither reducing sugar nor an electrolyte. 
In calculating the part of the total osmotic strength of the sap 
caused by electrolytes, the figures for KC! equivalents are multiplied 
by r.90 sinoe it was assumed at the d ilutions used the percentage of 
disassociation for KC! would not be far enough from ninety to affect 
the accuracy of these results. 
"" 
TABLE 2.-SAP FROM CAMBIUM AND CORTEX OF ELBERTA PEACH AND JONATHAN APPLE TWIGS 
!Percentage 1 
Molar 
Normality Freezing strength of 
Molar Specific of KCI point Molar sap minus 
Material Date dextrose strength of conductivity solution depression strength mola r 
in sap dextrose of sap of same of entire of sap strengths of 
specific sap sugar and 
conductivity electrolytes 
------
January, 1908 5.675* . 334 . 00905 . 068 1.902° 1. 023 .560 
February, 1908 4.939* . 286 .00959 
Elberta 
. 073 1. 841° .989 .565 
peach March, 1908 3.044 .174 .00868 .066 1.758° .945 .646 
November 7, 1908 4.29 .249 .00788 .059 2.350° 1.263 .902 
November, 1908 5.41 .318 .01032 .079 1 . 765° .947 .479 
December, 1908 6 .420 .318 . 00905 .068 1 . 69°* .910 . 463 
March 30, 1909° 3.385 .195 .00868 .066 1. 845° .991 . 671 
May 1, 1909 2.608* .149 .0071 8 .054 1.055° .567 .315 
Jonathan January, 1909 5.073* .296 . 01041 .079 1.902° 1. 023 .577 
apple 
November, 1909 3.604 .205 . 01152 . 088 1. 924° 1.034 .662 
December, 1909 7.891* .476 . 01152 .088 2. 016° 1.083 .440 
*NOTE-Averages are given for the month (unless the clay of the month is given) for the percentage of dextrose and for the freez-
ing point depressions except in thoses cases followed by * in which only one determination was made. The specific con-
ductivity is not an average but the result of a single determination made some time during the month. 
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One slight error should be mentioned. Both the column for sugar 
determination and that for freezing point determination are given in 
the terms of a molar solution ; that is, the percentage of a gram-
molecule of the material in 1000 grams of water, while the column for 
the results of electrical resistance determination is given in the dec-
imal of a normal solution. In this case there would be a gram-
molecule in a liter of the solution _; that is. less than a liter of water. 
A normal solution of a monovalent substance like potassium chloride 
therefore represents a slightly greater concentration than a molar 
solution. However, since the percentages of normal solutions in this 
column are so very srnalL and since the potassium chloride molecule 
is small. the difference is far within the range of error in these de-
terminations. It will be seen that in all cases nearly two-thirds of the 
total molecular concentration of the sap of the tissue shown in this table, 
(twig cortex of Jonathan apple and Elberta peach in different months 
during the winter season) is neither sugar nor electrolytes. 
\Vhen these determinations \ve1·e made it was thought that the 
twigs probably contained only reducing sugars. However, in :\farch, 
T.-1.BLE III.- REDL'C'IXG .-1.xn No:-<-REDUCIXG S uG.-1.Rs. 
Date .. _ ... _ .............. · I :\larch 14, 1913 1
1 
March 4, 1913 ! April 4, 1913 
1---
Material. ....... . . . . .. . . . .. Jonathan apple JElberta peach I Elber~a p~ach 
twig sap ' twig sap 1 twig sap 
______________ , _ __ ____ ----------!--·-----
Percentage dextrose before\ 
1
1 M~~·;r:~~:~gth. ~f ·d~~tr~~~ : : 2 : It~ 2 : f~g 
Total percentage dextrose I I 
after inversion.. . . . . . . . . . . 7. 250 6. 709 1 
Molar strength of im·ert ' I 
sugar 
.131 .125 ~oerc~~~;ii~~~~tf~t1;. : ~~l:u:t;~~ . 01041 . 00924 I 
having same specific con-
ductivity ....... . . . . . . . . . . . 080 . 070 
Freez!ng point depression ofl 
entire sap ............... ·I 
Molar strength of sap ....... , 
Molar strength of sap minusj 
molar strengths of sugars 
and electrolytes .... ..... . ·I 
1.835 
. 987 
. 5-17 
1. 735 
.933 
.537 
2.093 
.119 
4.648 
.073 
.0102 
.078 
1.805 
. 970 
. 630 
Note: Depressions were made some time during the same month as the 
rest of the determinations except the one for March 1!4, 1913, which was 
made two months earlier in the season. 
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1913, determinations of both. reducing sugar and invert sugar were 
ma<le from Jonathan appJ.e and E lberta peach twig cortex sap, and it 
was found that in these cases there was as much invert sugar as re-
ducing sugar in the sap, or even more. 
TABLE IV.-FREEZIN G POINT DETERMINATTOi'iS A i'iD CO!'iDlJCTTVI TIES 
OF PLAi'iT S .-1.PS. 
'Freezing ' Speci fic i point conduc-Date l\I aterial 
1 depres- t ivity 
1 s1on 
!Succulent leaves 1--- - ·- --; 9- 21-11 Bean . . . . . . ... .... . . 1 .985°C ! . 01313 
9-21-ll ;Swiss chard ... . . , . .. : .810 ! .01746 
9-2 1- ll jEggplant .. .... . ... ! . 775 ' .01839 : 
9-21-ll lTomato . . . .. ... .. . · ' . 680 . 01631. 
9-2 1-l lGeranium ...... . ... · . 705 . 01283 ' 
9-21-11 :s weetpotato ..... ... . 965 . 01795 
9- 21-11 1Morning glory . . .. . . .920 .01679 , 
9- 21-11 Hollyhock .. ... ... .. 1.130 .02575! 
11- 8-08 ,Strawberry .... . .... 2.255 . 01748 
J onathan Apple 
7-26-10,Leaves . . . . .. ...... . 
8-26-10 Leaves . . . . ... .. ... . 
7-26-10 Twigs .. .. . . ... . . . . . 
~-26-lO ITwigs .. . ... . .. . .. . . 
1-26-10 Root s . .. . . . ... . . .. . : 
11-27- 10 R oots ... . . . . . 1 
Apple tissue 
6-14-09 Large root s .. .. .. ... . 
6-14-09 Small roots .... . . .. . i 
6- 14-09 Trunk .. .. . .... . . . . . 1 
6-14-09 Secondary b ranches. i 
Elberta peach ; 
6- 19-09
1
Root . . . ... . . ..... . · j 
7-15-10 Root . . .. .... . . .. . . . , 
7-15-10 Twig . . . . .. . .. .. . . . . ' 
7- 29- lO l! T wig . . . . . . . . . . . ... . 
7- 30- 10 Leaf. . ... .. .. .. . . . . 
8-1 1-lOT wig .. . . . .. .. . .. .. . 
8-12-10 Leaf. . . . ... .. . . ... . 
8-18-08 Ripe fruit . . . ...... . 
9- 3-08 Twig . . . ...... . . . . . . 
9- 3-08 Twig (another tree) 
10- 7-08 Twig . . . . . . .... .... . 
11- 4-08 L eaf. . .. .. . .. .... . . i 
11- 4- 08 L eaf (another tree) . . I 
Old Mixon P each i 
2 . 275 
2.010 
1.700 
1.505 
1. 015 
1.415 
. 907 
.940 
1.092 
1.134 
.730 
.960 
1. 345 
1 . 385 
2 . 170 
1.725 
2.875 
1 .644 
2. 031 
1 . 97i 
2.208 
2 . 365 
2.325 
11- 4- 09 R oot . .. . . . . . . . . . . . . 1 . 398 
11- 20- 08 Root... . . . . . . . . . . . . 1. 423 
11- 4-08 Leaf ... . . ....... . . . ! 
10-30-09 Twig .. . . .. .. .. .... . 1 
11-19-09 Twig- . . . . .. .. ..... . . 
3 . 560 
2.018 
1. 870 
. 011041 
. 013201 
. 00862 ' 
.00957 
. 006791 
.01268 
. 0068 1 
. 0079 1 
.00773; 
.00662 
' 
. 00312 i 
. 00265 1 
. 007 18 : 
. 00632 , 
. 01145 1 
.00778 : 
. 01336 1 
. 00568 
.01127 1 
. 008841 
. 00868 : 
. 0 1224 , 
. 01063 ! 
.00539 
. 00544: 
.0132 1! 
.00864 
.00902 
Per cent ! 
normal 'Fract ion : P er cent 
KC! of molar i of tota l 
solut ion ! solution I osmotic 
wi t h :as shown 1 strength 
same by , clue t o 
specific 1 free:ing ' electro-
con- i point ; lytes 
ductiv - ' depres- ' 
ity sion 
----
.100 . 530 35 . 8 % 
.137 . 436 59.6 
.142 .417 64.7 
.1 27 . 366 65 .9 
. 093 .379 46 .7 
. 141 . 519 51. 6 
. 131 . 495 50.3 
. 201 .608 62.8 
.137 1. 212 21. s 
. 084 1 . 223 13. o· 
.100 1 . 081 17. 6 
.065 . 914 13.5 
.073 . 809 17 . 2 
. 051 .546 17.7 
. 097 . 76 1 24 . 2: 
. 051 .488 19. 9' 
.060 .505 22.6 
. 058 . 587 18.8 
.049 . 610 15. 3 
.023 . 392 11. 1 
. 019 . 516 7.0 
. 054 . 723 14.2 
. 047 . 745 12. 1 
.088 1.166 14 . 3 
.058 .927 11. 9 
. 103 . 155 12.6 
.042 . 884 9.0 
.086 1.090 15.0 
.067 1. 060 12.0 
.066 1.182 10.5 
. 094 1. 27 1 14.0 
. 081 1. 250 12.3 
.040 . 752 10.1 
. 041 . 765 10.2 
.102 1. 910 10. 1 
. 065 1.090 11.3 
.068 1. 010 12.7 
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In determining the molecular concentration for the invert sugar, 
allowance is made for the fact that in inverting the sugar, one mole-
cule is changed into two by the taking up of eighteen grams of water. 
From the table it \vill be &een that . even making allowance for 
invert sugar. there is still about two-thirds of the total molar con-
centration of the sap that is m:ither reducing sugar. invert sugar nor 
electrolytes. 
Sugar determinations were not made from leav·es nor from sum-
mer tissue. Freezing point ancl conductivity determination;:: were made 
for a number of plants. The following table gives these results ancl 
the approximate percentage of the total osmotic strength that is clue to 
dectrolytes: 
It will be seen that in the case of hollyhock. morning glory, egg 
plant. tomato, sweet potato. beans, ancl other succulent plants a very 
1arge part of the osmotic strength of the sap is proclucecl by electro-
lytes. "When it is considered (Table 5) that the electrical resistance of 
plant sap increases with dilution much more slowly than the resistance 
of solutions of potassium chloride, it will be evident that a rather 
large percentage of the molecules in the saps of these succulent plants 
must contain a mineral radical. 
In case of the peach. apparently the electrolytes constitute a 
larger percentage of the total sap solute of the leaves than of the twigs. 
and the smallest percentage of the total solute of the root cortex sap. 
and of the first sap. In case of apples. however. the proportion of 
electrolytes to nonelectrolytes seems to be largest in the roots. L eaf 
sap in all cases. except the one Jonathan apple root sample, has the 
greatest conductiYity. but it is also the most concentrated. 
It should be said. however. that these figures really clo not give 
an adequate estimate as to the amonnt of electrolytes in solution, for 
the reason that the electrolytes in undiluted saps have a low specific 
conclucti\·ity. The following table illustrates this fact: 
In the first two columns i~. given the specific conductivity of the 
undiluted sap and the decimal of a normal potassium chloride solution 
that \yonld have the same specific conductivity. In the next column 
is given the specific conductivity of the sap diluted one-half, i. e. an 
equal volume of \\'ater aclcled, the ccmdnctivity then heing nmltiplied 
by t\YO. It will be seen that there is always a marked increase in 
the specific conductivity. In the next column is given twice the deci-
mal of a normal solution of potassium chloride that would have a 
specific conductivity equal to that of the sap diluted one-half. If the 
electrolytes in the undiluted sap increased in specific conductivity only 
TABLE V .-SHO\VING EFFECT OF DILUTION ON ELECTRICAL CONDUCTIVITY OF PLANT SAPS AS Cmv!PARED WITH THE 
EFFECT ON A Pu1rn MINERAL SOLUTION. 
Date Tissue from which sap 
was ex pressed 
Undiluted 
!----·--
1 Specific I KCl 
equivalent I conductivity 
- ------------' I, ______ , I ' 
7-26-10 1
1
.Tonathan apple leaf. .......... j 
8-26-10 Jonathan apple lca_f ... ... .... ' J 
1-19-H\Tonathan applr twig.... . . . . . 
8-26-101.T onathan apple twig. . . . . . . . i 
7-26- 10 fonathan apple root. . . . . .. . ' 
11- 27-10 Jonathan apple root.. . . . . . .. . i ~-30-lO!~lb~rta p~ach l~af. .... · ·. · · · ··I 
8-;z- 101Elbc1_ta p~a:h k,;_r ... . . . .. . ... . . 
7-- 9-101E lbc1ta peach l"!g ....... . ..... 1 8- 11-10,E lbcrta peach twig ... . . . . .. . . . .. i 
6- 19- 09 J' Elberta peach root ......... . .. . l 
7-15- 10 Elberta peach root .. .... . . . ... . ! 
10-30-09!0td m!:-wn peach tw!g. . . .. ... .. 1 
11-19-09,· 0lclm!xon peach twig . . .... ... i 
11- 4- 09 Old 1111xon peach root. . .... .. . . ! 
11- 20- 08 Oldmi.,on peach root ... . . . .. .. I 9-21-ll l Stringles~ green bean ... . . . . .. . . ! 
9- 21-11 Eg:! plan! leaf. ....... . . . .... . · I 
9-21- 11 1Tomato leaf. .. .. .. . . .. . ... . .. . , 
9- 25- 11
1
1Geranium leaf. ... . .... . .. .. . . . ' 
9- 25- 11 Sweet potato leaf. .. . . .. .. .. . .. i 
11- 8- 1 l JStrawberry leaf. . .. . . ......... . J 
.01104 
.01 320 
. 01041 
.00957 
.00679 
.01268 
.01145 
.01336 
.00632 
. 00778 
.00312 
. 00265 
.00864 
.00902 
.00539 
.00544 
. 01313 
.01837 
.01631 
. 01283 
.01795 
. 01 745 
.085 N 
.102 N 
.080 N 
.073 N 
.051 N 
.098 N 
.088 N 
.103 N 
.047 N 
.059 N 
.023 N 
.019 N 
.066 N 
.069 N 
.040 N 
. 0405N 
.102 N 
.142 N 
. 127 N 
. 0995 N 
.14 1 N 
.137 N 
Diluted to Y2 H20 I Diluted to % H20 
- -------------· 
Specific KC! I Specific I KCl 
conduct ivity equivalent condu'ctivity · equivalent 
x 2 I x 4 I 
I I .157 N .01632 .124 N .02105 . 02022 .155 N 
I 
.02422 .181 N 
.01293 .097 N .01593 I . 118 N 
. 01305 . 098 N .01475 
I 
.109 N 
.00825 .061 N .01008 .074 N 
.01574 .119 N .01788 .133 N 
.01574 . 119 N .01896 .141 N 
.02018 . 155 N . 02502 .187 N 
.00827 . 061 N .01000 .073 N 
. 01()5 2 .078 N .01244 .091 N 
.00437 .032 N .00523 .037 N 
.00359 .026 N .00440 .031 N 
.01201 .090 N .01443 .107 N 
.01203 .090 N .01451 .107 N 
. 00i27 .054 N .01024 .074 N 
.00740 .055 N .00922 . 068 N 
.01785 .136 N .02183 . 163 N 
.02130 .164 N . 02376 . 178 N 
.01926 . 148 N .02227 . 166.'iN 
. 01469 . 111 N .01675 .124 N 
.02440 . 189 N .. .. . . 
.02440 .189 N .03077 . 233 N 
u; 
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as much as potassium chloride increases on account of the dilution, 
then the figures in the fourth column should be the same as the figures 
in the second column. It will be seen, however, that uniformly they 
are considerably larger. This indicates either that the electrolytes in 
the undiluted sap are not dissociated to anything like as great an extent 
as the potassium chloride would be in a solution of the same specific 
conductivity, or what seems more probable, that the viscosity of the 
sap hinders the movement of the ions. In the next two columns are 
similar figures for the second dilution of the sap. The first of these 
contains four times the specific conductivity of the sap diluted to one-
fourth, and the other four times the decimal of a normal potassium 
chloride solution that would have the same specific conductivity. The 
figures in the last column also should be the same as the figures in column 
two, if the electrolytes in the plant sap did not increase in equivalent 
conductivity with dilution more rapidly than would be expected. 
These figures do not agree with the results of Heald 1 who found the 
conductivity of the sap and of sap which had been ashed and then 
diluted to its original volume to be about the same. It would be ex-
pected that ashing the sap would increase its conductivity, if the reduced 
.conductivity is clue to viscosity of the solvent, since the viscous organic 
-substances would be burned out in ashing. 
It will be seen from the preceding tables that the electrolytes play 
a rather small part in making up the total osmotic pressure of the cells 
.of most plant tissue. It is barely possible that these electrolytes play 
an even smaller part than is indicated. It seems highly probable that a 
large percentage of electrolytes are in combination with complex 
organic molecules. In this case the organic molecules cire probably 
present in the sap any way so all that is added to the osmotic pressure 
of the cell by the presence of electrolytes is repr,esented by the increase 
of osmotic strength of the molecules on account of dissociation. 
At the beginning of the work reported here it was thought possible 
that by fertilizing with compounds like potassium salts the osmotic 
strength of the cell could be increased and that this would increase its 
resistance to low temperature 2 particularly in case of peach wood and 
buds. In the work at this station neither the osmotic strength nor the 
hardiness were increased by the use of potassium fertilizers. From the 
preceding data it will be seen that a relatively large increase over the 
1. Bot. Gazette, Vol. 34, pp. 81-92. 
2. Chandler, W. H.-Killing of the tissue of horticultural plants by low 
temperature. Mo. Agri. Exp. Sta. Research Bul. No. 8. 
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approximately twenty-five hundredths of one per cent of potash 1 in 
peach twigs would increase the osmotic strength so slightly that it 
would be hardly perceptible. The trees grew in a rather fertile, 
heavy clay soil with about 23,400 pounds of potassium in the top seven 
inches of an acre. 
MOLECULAR WEIGHT DETERMINATION OF PLANT SAP SOLUTE. 
Pursuing further 2 the studies of the nature of the sap solute and 
changes that may take place through the year, it was thought worth 
while to secure the molecular weight of sap of twig cortex and the 
cortex of other parts of the tree during various seasons of the year. 
The method of determining the molecular \Veight was to determine 
the freezing point of filtered sap, weigh out generally four samples and 
evaporatie to dryness, and figure the molecular weight from these 
data, by use of the following formula lVI=K ~ wbere w is the 
number of grams of a substance dissolved in w grams of a solvent: 
cl is the number of degrees that the freezing point of the solution is 
lower than the freezing point of tbe solvent, and k is a constant for 
the solvent. In case of water, k is 1860. The following table gives 
the result of these determinations. There are given two columns for 
molecular weights; one shows the largest and the other the smallest 
molecular weight from each set of determinations of sap from the same 
tissue. This is intended to give some idea as to the range of error in 
getting the weights in making the molecular weight determinations. 
It should be said, however, that all of these samples were run from the 
same set of freezing point determinations so it gives neither the range 
of error involved in making freezing point determinations, nor that in 
the method of collecting the twigs and scraping and expressing the sap. 
For molecular weight determinations, however, there was little error 
involved in the method of getting the sap, since, for molecular weights, 
the freezing point determination was taken after the filtering, there 
being no intention that these determinations should represent the actual 
osmotic concentration of the sap. Any evaporation o f water involved 
in getting the sap would then affect equally the freezing point de-
termination and the weighings from which the molecular w.eights were 
determined. H the sap stood for any length of time before the freez-
ing point determination was made, there could be polymerization or 
perhaps other changes that would affect the molecular weight of the 
solute. However. this was k1ept in mind and the freezing point de-
1. Van Slyke, L. L., Taylor, 0. M., and Andrews, W. H., N. Y. (Geneva) 
Exp. Sta. Bult. 265, P art III. 
2. L. Maquenne. "Sur la pression osmotiqiae dans les graines germes" 
Com pt. rend. 123: 898. 1896. 
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terminations were taken as soon as possible after the sap was expressed. 
All of this sap filtered with great difficulty so it was impo~sible to pre-
vent its standing at least several hours in some cases while being 
filtered. 
It "·ill be seen that the variation is rather wide. This is partly 
clue to the considerable range of 1error in such determinations, and, 
unquestionably, rather largely to the actual variation in the amount of 
solute in the various twigs. \i\lhen this is compared ·with the sugar 
analysis, especially that for invert sugar shown in Table II. it will be 
seen that the range of \'ariation is not wider than is the difference in 
the percentage of sugar in seasons not far apart. 
The molecular \\·eight of the solute of the peach t\vig cortex cloes 
not vary conspicuously through the season. \Vhat small differences 
ther-e are. however, indicate that the molecular \\"eight is greatest during 
September. October. N" ovember, and December. etc .. ancl smallest during 
l\fay. June. and July. Thus, in the case of Elberta twigs from trees 
normally pnmecl. the average molecular \veight of the cortex solute was 
I67.93 for May, 163.00 for June. I73.03 for July, I72.98 for August. 
I84.33 for September, r80.05 for October. 180.74 for November, 
I8r.23 for January. 172.30 for February, ancl 172.99 for :\farch. \Vit!1 
Oldmixon Cling it \\'as 163.67 for l\Iay, 183.58 for November. 163·-19 
for January. and 166.47 for February. That for Snow in June was 
I63.67 and in ?\o?ember, 180.98. A. large number of determinations 
are required before one can be j ustifiecl in concluding positively that 
the molecular weight of the cortex sap solute is smaller in spring and 
early summer. 
It is also interesting to note thit of seven determinations each. 
from twigs of trees \\·ith normal growth, and from trees tbat had been 
cut back severely so they made very vigorous growth and continued 
growth later in summer. the mol·ecular \veight was smaller from twigs 
of cut back trees. the average of the seven determinations for cut back 
trees being 170.99 and for normal trees, 183.97. )1.pparently, a similar 
difference is to be observed in case of leaves from normal as compared 
with cut back trees. Again. there was hardly a sufficient number of 
determinations to justify positive conclusions_. yet the results are so 
uniform as to leave little doubt. It will be seen later that the sap 
density is lower in case of trees making the more vigorous growth 
as cut back trees do, during the pe.riocl of rapid growth in early sum-
mer. It \\'oulcl seem possible. then. that in some cases, at least, the 
rapid use of the plant nutrients in grovvth leaves a larger percentag.: 
of materials \Yi th small molecules in solution in · the sap. 
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TABLE VI.-MoLECULAR WEIGHTS OF PL\N'.r SAP SOLUTES. 
Date Plant Tissue 
6-21-09 Elberta peach .... . .. . .. ... . . . . - 11Tw!g 
6-24-09 Elberta peach . . .. ... .. ... .. . ... Twig 
6-25-10 Elberta peach (cut back) . .. . . . .. !Twig 
7-14-10 El~er~a peach .. ... .. ..... . .... · 1Tw!g 
7-27-10 Bngg s Red peach ... ... . . ..... . Twig 
7-27-10 Brigg's Red peach (cut back) .... ITwig 
7-29-10 Elberta peach (cut back) . . . . .... !Twig 
7-29-10 Elberta peach .... .. ... . . ... . . . · ITw!g 
8-30-09 Elberta peach . . .. . ... . . .. . . .... Twig 
9- 9-10 Elberta peach (cut back) . . . . . .. . ITwig 
9- 9-10 Elber~a peach .. ... . . .. ... . . . .. · ITw!g 
10-14-09 Oldm1xon Free peach· . · · · · · · · · · 1 T'~~g 
10-14-09 Elberta peach . .. .. . .. . ........ . Tv.1g 
10-28-09 Oldmixon Free peach (cut back) .. Twig 
10-29-10 Elberta peach (cut back) .. ... ... ITwig 
10-29-10 Elberta peach . .. .. . . . . . . . . .... . [Twig 
11- 4-09 Elberta peach from Georgia ... . .. !Twig 
11- 5-09 Salway peach from Dixon, Mo .... ·i'Twig 
11- 6-10 Bokhara peach (cut back) .... . .. ,Twig 
11- 6-10 Bokhara peach . . . .. . . .. . . . . . ... Twig 
11- 6-09 Elberta peach . ... . .. . . .... . . . .. !Twig 
11-20-09 Oldmixon Free peach ...... . .... ;Twig 
11-20-09 Elberta peach . ... ... . . ... .. . ... !Twig 
11-20-08 Elberta peach ..... . . .. ... . . . ... ITwig 
3- 5-10 Elberta peach .. ..... . ... . . . .... 1Twig 
3- 6-09 Elberta peach . .... . . .... . ... .. . !Twig 
3-18-09 Elberta seedling peach . . .. ...... [Twig 
3-20-09 Elberta peach from Doniphan,! 
Mo .. . . . .. .. . .. . . . .. . .... . .. [Twig 
3-20-09 Sneed peach from Doniphan, Mo. 1Twig 
3-20-09 Elberta peach . ....... . ..... . ... [Twig 
3-20-09 Mountain Rose peach ........... !Twig 
3-30-09 Elberta peach . ... . . .. . . . . . . .. . . jTwig 
3-30-09 Elberta peach from Morrill , T exas Twig 
4- 4-10 Elberta seedling peach . . .. . . . . .. :Twig 
4-11-10 Snow seedling peach . . . .. . ...... :Twig 
4-16-09 Elberta peach from Florida .... . . !Twig 
4-18-10 Elberta peach from Georgia .. .. . . !Twig 
4-19-09 Elberta peach from Georgia .. . ... :Twig 
4-23-09 Elberta seedling peach . . .. .. . ... :Twig 
5- 9-10 Family Favorite seedling peach .. jTwig 
5- 9-10 Snow seedling peach . .... . ... . .. !Twig 
5- 9-10 Snow seedling peach ... ..... . .. . !Twig 
5- 9-10 Family Favorite seedling peach .. !Twig 
5-13-11 Oldmixon Cling peach .. .. . ... . .. !Twig 
5-18-11 Elberta peach .... . . . . ...... . ... !Twig 
6- 7-09 Snow peach ............... . .... [Tw!g 
6-10-09 Snow peach . ......... . . .. . . . . . . ,Twig 
11-21-08 Snow peach . ....... .. . . . .. .. ... ;Twig 
11-26-10 Elberta peach . . . . ......... .. . .. Twig 
11-26-10 Oldmixon Cling peach .... . .. . . .. 1Twig 
11-26-10 Elberta peach (cut back) ..... .. . Twig 
12- 3-08 Champion peach from Dixon, Mo. Twig 
3 
Greatest 
molecular 
weight 
154 
171 
156 
159 
180 
159 
161 
186 
172 
168 
184 
193 
175 
187 
179 
184 
172 
161 
175 
178 
187 
187 
182 
170 
184 
172 
193 
169 
194 
177 
163 
156 
171 
197 
180 
129 
191 
192 
170 
177 
164 
179 
180 
151 
167 
159 
167 
180 
181 
183 
170 
194 
Smallest 
molecular 
weight 
154 
170 
155 
158 
179 
158 
160 
186 
172 
168 
182 
192 
172 
185 
173 
176 
171 
158 
173 
176 
187 
185 
182 
169 
183 
193 
168 
193 
174 
159 
155 
170 
196 
179 
129 
191 
170 
174 
158 
177 
177 
150 
167 
156 
167 
175 
179 
180 
168 
193 
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Date Plant Tissue 
12- 3-08 Elberta peach from Geneva, N.Y. ITwig 
12-11-08 Bruno & Krummel peach .. ..... · 1Twig 
12-12-08 !Elberta peach from Brandsville, 
12-12-08 1 El~!~t~ · p~~~h · [;~~1· ·13;~~d~~-i.lie", Tw'.g 
Mo ..... .... .... ........ .... Twig 
12-28-09 ,Elberta peach from Doniphan, 12-28-09 1 El~!~t~ . p~~~h· £;~~1· ·13;~~d~\~i.lie", Tw'.g 
Mo ......................... Twig 
1- 2-09iElberta peach from Geneva, N. Y. Tw!g 
1- 2-09 IElberta peach ..... .. ....... . ... Twig 
1- 2-11 Oldmixon Cling peach ....... . ... Twig 
1- 3-lOIElberta peach .................. !Twig 
1- 9-09 1Elberta peach from Oklahoma ... iTwig 
1-1~-lO I Elberta pe.~ch . .. . . . ... ... ..... · 1Tw!g 
2-b-09 Bruno & Krummel peach ........ Twig 
2-16-11 Oldmixon Cling peach ..... ... ... 1Twig 
2-20--09,Champion peach from Dixon, Mo. ITwig 
2-27-08 1Elberta peach .................. Twig 
2-27-08 Elberta peach .................. ,Twig 
2-27-09,Eiberta peach ............ . . . ... !Twig 
3-18--09 iElberta peach seedling .. .. ...... Fruit buds 
11-20-09 1Elberta peach ..... . .... .. .... .. Fruit buds 
ll-21-09!Elberta peach ................. . 
1
Fruit buds 
6-25-09IElberta peach ...... .. .... . ..... Seed kernel 
4-1~-09 1Elberta peach .. .......... ...... Leaf 
6- 1-09 Snow peach . ............. . .... . Leaf 
6- 8-09 1Family Favorite peach ...... ... . Leaf 
6-21-09iElberta peach . .... ... ...... . .. . Leaf 
6-21-091Elberta peach ........ ....... ... Leaf 
6-21-09 Elberta peach (c ut back) .... . ... Leaf 
6--24-10 Elberta peach .................. Leaf 
7-15-10 Elberta peach (cut back) ........ 1Leaf 
7.-15-lOIElberta peach .. ..... .. ..... ... · 1·.Leaf 
7-28-10 Brigg's Red peach (cut back) ... . Leaf 
7-28-10 Brigg's Red peach .............. Leaf 
7-30--lO :Elberta peach (cut back) .. .. . ... :Leaf 
~-30--09 11 Eiberta peach ......... : .. ..... . I Leaf 8- 9-10 Elberta peach (cut back) ........ Leaf 
9- 9-10 Elberta peach (cut back) . ....... Leaf 
3- 5-lOIFamily Favorite seedling peach .. ,Root 
4- 4-10 Snow seedling peach ............ Root 
5- 9-10 Family Fa:•orite seedling peach .. Root 
5- 9-lOISnow seedling peach ... ......... Root 
5- 9-10 Family Favorite seedling peach .. Root 
5- 9-10 1Snow seedling peach ...... .. .... 
1
Root 
6- 7-09 iSno'". peach . . : ... .. .. . ...... . .. Root 
6- 8-09!Fanuly Favorite peach ...... . ... IRoot 
6-19-09jElberta peach ............... . .. Root 
6-25-lO IElberta peach (cut back) . . ... .. ·I Root 
6-25-10 .Elberta peach ............... . .. Root 
6-28-09 ;Salway peach (cut back) ... .. ... !Root 
Greatest 
molecular 
weight 
185 
187 
195 
195 
179 
181 
202 
191 
163 
174 
182 
178 
159 
166 
170 
170 
172 
173 
148 
187 
172 
113 
151 
145 
144 
138 
133 
128 
151 
139 
144 
142 
156 
138 
151 
138 
150 
213 
222 
?--
_:i:i 
217 
222 
222 
204 
238 
276 
362 
386 
314 
Smallest 
molecular 
weight 
182 
187 
188 
185 
174 
181 
200 
187 
161 
171 
177 
171 
159 
165 
167 
147 
186 
113 
151 
144 
144 
.137 
131 
128 
146 
138 
143 
141 
153 
137 
151 
137 
149 
206 
217 
254 
217 
221 
221 
202 
237 
272 
361 
385 
310 
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Date Plant Tissue 
6-28-09 ISalway peach ...... . .... . ...... ,I. Root 
7-14-09iLemon Cling peach (cut back) ... Root 
7-14-09!Lemon Cling peach .............. Root 
7-17-09 IE!berta Seedling peach .......... !Root 
10-12-09101dm!xon Free peach ..... . ..... Root 
10-14-09 Oldm1xon Free peach ........... Root 
10-20-09!Snow seedling peach ............ Root 
3- 5-101Gano apple .. . ....... . . . . ....... Tw!g 
4-18.,-10.Gano apple ................ . ... Twig 
4-25-lO!Holt apple .............. . · · · · · · 1Twig 
6-10-09'Gano apple . ................... Twig 
6-22-lO]Jonath<;n apple .... ... . .. . .. .. . . Tw!g 
6-24-10!Longev1ty apple ...... . ..... . ... 
1
Tw1g 
7-25-10] onathan apple .... ... .......... Twig 
8-30-10.Jonathan apple ..... . ........... Twig 
11-26-lOIJ onathan apple ...... . .. . ....... Twig 
12-26-lO!Jonathan apple . .... . . . .... . . ... !Tw!g 
1- 1-llJonathan apple ..... . .. . ........ 1Tw1g 
4-25-lO j. Holt apple ............ . ........ 
1
1Leaf 
5-21-101.T onathan apple ... . . .. . ...... .. . Leaf 
6-10-09 !Gano apple ......... . ..... . .... Leaf 
6-14-09!Gano apple ........... . ........ Leaf 
6-21-09 1.Tonath<;n apple ........ . ........ Leaf 
6-24-10 1Longev1ty apple ... . .. . . . ..... .. Leaf 
7-25-lO IJonathan apple ..... . .. . .. . . . ... Leaf 
6-14-091Gano apple ................... · 1Frmt 
10-28-09]Gano apple .................... Fruit 
3-10-lO IMetett apple . . . . .... ... ........ Trunk 
6-14-10 ,Gano apple ....... . ...... . ..... !Trunk 
6-24-10 Longevity apple ... . ....... . ..... Trunk 
3-10-101Metett apple ....... . ... . ...... · !Secondary 
1 I branches 
4-25-10 1Holt apple ......... . .. . ... .... . Secondary 
branches 
6-14-09
1
,Gano apple ............. . ...... Secondary 
I branches 3-10-10.Metett apple ...... .. ........... Primary 
I ! branches 
5-25-101Holt apple ... .. . ............... !Primary 
: I branches 
3- 5-10 ,Gano apple ............ . ... . ... Root 
3-10-lOIMetett apple ................... !Root 
3-22-lO!Red Astrachan appl e ..... ... ... · !Root 
3-22-101Huntsman apple . ......... . . .. · !Root 
3-22-lO IRed Astrachan apple ............ 1Root 
3-22-10 Huntsman apple ....... .. ...... 'Root 
3-22-lO IShiawassa apple ........ . ... .. .. Root 
3-22-lO ]Shiawassa apple . .. . . . ... . .. . ... Root 
3-22-lO:Shiawassa apple ........ . ....... Root 
3-22-lOjHuntsman apple .... . .. . ....... Root 
6- 9-09!Gano apple .... . ............... Root 
7-10-09 !Gano apple .................... Root 
8-10-09 'Gano apple (all leaves removed). Root 
Greatest I Smallest 
molecular molecular 
weight weight 
318 
434 
363 
249 
270 
283 
216 
193 
163 
174 
180 
180 
180 
172 
188 
177 
174 
170 
150 
159 
162 
174 
176 
162 
179 
132 
143 
264 
245 
247 
214 
207 
225 
257 
235 
158 
187 
164 
171 
164 
171 
167 
160 
181 
173 
165 
163 
189 
316 
420 
353 
248 
269 
281 
215 
191 
162 
173 
180 
179 
179 
172 
187 
176 
170 
164 
149 
156 
158 
172 
175 
159 
179 
132 
139 
263 
243 
246 
214 
207 
225 
248 
234 
149 
186 
159 
170 
164 
170 
166 
159 
180 
172 
164 
161 
188 
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I i Greatest Smallest 
Date P lant I Tissue I molecular molecular 
! 
weigh t weight 
I 
9-10-09 Ben Davis apple (girdled ) . .. . .. . Root 160 158 
10-10-09 Ben Davis apple .......... . . ... Root 170 168 
10-28-09 Gano a pple ............ .. . . . ... Root 167 164 
11- 4-09 Huntsman apple .... . ...... . . . .. Root 167 167 
11- 6-09 Huntsman apple . .. ......... ... Root 176 175 
11-17-09 Jonathan apple . . .. ... ........ . . Root 157 156 
1-18-10 Jonathan apple . ........... . .. . . Root i 158 157 6-26-09 Prunus D omestica plum .. ....... Leaves 153 149 
6-26-09 Pru nus Domestica plum . . . .. ... . Fruit 126 125 
5-23-09 Morello cherry . ..... .. ...... ... Fruit 296 292 
5-23-10 Silver maple, Acer saccharin um 
Linn . .. . ... ... . .. . .... .. .. . . Leaf 178 177 
5-23- 10 Silver maple, Acer saccha rin um 
I Linn . ..... ..... .... .. .. .... . Twig 190 187 
6-23-10 Silver maple, Acer saccharin um 
Linn . . . . ... . . .. . ........... . T wig 212 211 
5-23-10 Silver maple, Acer saccharin um 
Linn .... .. . ..... . ....... .... Secondary 
branch 255 253 
5-23-10 Silver maple, Acer saccha rin um 
trunk ! Linn .... .... ..... ...... ..... High 389 385 
5-23-10 Silver maple, Acer saccharin um Main 327 327 
Linn .. . .. .. . .. .. ... .. .... . .. b ra nch 
5-23-10 Silver maple, Acer saccharin um 
Linn ..... . ............ . .. . .. Root 305 302 
6-23-10 Silver maple, Acer saccharin um 
Linn .. . . . . ........ . .. ...... . Root I 314 314 3- 8-10 Silver maple, Acer saccharin um T run k J 
Linn ...... . ....... . ......... (t apped) 265 262 
5-27-09 Elm, Ulmus A mericana, Linn .. . . Leaf.. .... · 1 152 150 5-27-09 Elm, Ulm us Americana, Linn .. .. Root ... . . . 192 192 
6-23-09 Asparagus .. .. ........ .. .. . . .. . R oot . . .... 234 231 
8-13-09 Asparagus . .. . . .. . . ... . ..... . .. Root I 288 286 
9-18- 09 Asparagus .. .. . . . ....... ....... Root I 256 252 11-11-11 Aspa ragus ..... . .. ............. Root i 289 288 
I 
It will be noted that the solute from the cortex sap o{ Elberta 
twigs from F lorida was much 10\ver than that of the cortex of any 
other twigs listed. These twigs were in a very unnatural, exhausted 
condition clue to their growth in a section further south than that in 
which peaches of the Elberta type r·each their best development. It 
seems possible that the low molecular weight might be explained by the 
fact that the winter was warm and r espiration rapid throughout the 
dormant season. Hence the sugar and associated compounds would 
be largely exhausted. leaving compounds, especially electrolytes, of low 
molecular weights. However. twigs from :Morrill , T exas. did not 
show this low molecular weight, yet the tvvigs were. to some extent, 
in the same condition as those from Florida. 
S,\P STUDIES WITH HORTICULTURAL PLAN TS 
In the case of apples the leaf and fruit saps show low molecular 
weight. The roots show molecular weight about equal to that of the 
twigs, certainly no higher. On the other hand, the few determina-
tions made indicate that sap of the cortex of the large branches and 
the trunk of the tree contains a solute with a higher molecular weight 
than that of any of the other tissues from the apple tree. 
The one determination made from the fruit sap of the cherry 
indicates a very high molecular weight, but a single determination 
has little value. 
In the case of the silver maple. Acer sacc!zarinum Linn., the sap 
from the leaf shows the lowest molecular weight of the solute, that 
from the twigs next, that from the roots next, that from the main and 
secondary branches next, and from the trunk the highest, considering 
cortex sap only. The sap from the sap wood of the silver maple tree, 
obtained by tapping, has apparently a much lower molecular weight 
than that from the cortex. 
SAP DENSITY OF VARIOUS TISSUES OF TREES AS SHOWN BY 
FREEZING POINT DETERMINATIONS. 
Freezing point determinations were made from cortex sap of 
apple trees. Samples were selected from various negions of the tree 
both below and above grouncl.1 The following table gives the results 
of these determinations. The figures are given in terms of depres-
sion, meaning the number of degrees Centigrade below the freezing 
point of water at which these saps began to freeze. 
The above figul"es show, with some exceptions, that during the 
summer season beginning here about May I the molar concentration of 
the cortex sap was lowest near the ground and highest in the upper 
parts of the tree. In all cases it was considerably the highest in the 
leaves and generally lowest in the roots. \i\Tith apples this does not 
seem to be true during a period beginning in December and continuing 
until about l\fay r. In l\farch and April, especially while the sap 
density of the roots is generally lowest, usually the trunk cortex has a 
higher sap density than the corbex of the twig. It will be noted in the 
cases of the elm and sycamore, that in June, there was a steady increase 
1. W. T . Sutherst, "The Freezing Point of Vegetable Saps and Juices," 
Chem. NeW's, Vol. LXXXIV (1901). p. 234. 
H . H. Dixon and W. R. G. Atkins, "Osmotic Pressures in P lants; and a 
Thermo-electric Method of Det ermining Freezing Points." Sci. Proc. Roy. 
Dublin Soc., n. ser., 12 (1910), No. 25, pp. 275-311. 
H. H . Dixon and W . R. G. Atkins, "Changes in the Osmotic Pressure of 
the S'ap of Leaves of Various Plants," Sci. Proc. Roy. Dublin Soc. n. ser. 13 
(1912), Nos. 16: 219-222; 118: 229-238; 19 : 239-246. 
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TABLE VIL-SAP DEXSITIES OF VARIOUS TISSUES OF TREES AS SHOWX BY 
FREEZIXG PoIXT DEPRESSIONS. 
I ;>, "' ... "' <lJ ell <lJ 
"' I .!< ..<::: "O ..<::: "' "' .5 ~ cu <lJ Date Material 0 c bll ;> ..... I ::: 0:: -~ ro ::: ell ell u Q 0 ... ~li <lJ ... <lJ ... 
I 
~ E-< rJ) ..0 E-< .....i (..:.. 
------------
3- 9-10 Metett apple ... .. ... . .. . 1.3911.848 1 . 923 1. 738 1. 768 .... . . . .. . 
3-11-10 Pasman apple ...... ..... l.47i 2.268 . .... 1.8181.698 .. ... .. .. . 
4- 8-11 Regan apple . . ...... . ... 1.1751.5901.3751.2751.270 .. . . .. . .. . 
4-22--'10 Halt apple...... .. .. .. .. . 995 1. 005 . 980 . 7 40 . 925 1. 325 
5- 9-ll lRegan apple ... . ......... 9651.1751.0651.2901.320 1 . 690 ... . . 
5-25-10 Ka user apple. .. ...... .. . . 835 . 905 . 960 . 790 . 920 1 . 555 ... .. 
6-10-11 Bloomfield apple ... . . .. . . 1. 215 1. 370 1. 470 1. 580 1. 930 2. 230 . . .. . 
6-15-09 Gano apple .... . .... . .... 9271.0921.1121 . 1321.420 2.1341.007 
6-23-10 Longevity apple... . . . . . . . 933 1. 133 1. 153 1. 198 1. 343 2 . 068 . ... . 
7-12-10 Gano apple..... .. .. . .. . . 965 .. .. . .. ... 1. 214 1. 917 1. 033 
7-13-09 Bloomfield apple .. . . ... . . 1. 265 ..... 1. 695 1 . 905 2 . 595 12. 540 
8- 3-09 Gano apple ... . . . ... . ... 1.015..... 1.590 2.6321.247 
8- 5-11 Gano apple ... . '. ... . .... 1. 245 ... . . 1. 230 1. 310 2. 065 1. 495 
10-23-091Lawver apple ..... . .. .. . 1.3211.399 1.557 1.582 1. 803 1 ... . . .... . 
11-l~-09 1 \,Vallace apple .... . .. .... 1.2111.4501 . 349 . ... . 1.5401 .. . . . 
6-1.:i-ll Snow peach ... .. ........ 1.025 1.4701.4851.20511.990 
6-19-11 Foster peach ....... .. ... 1.155 1 . 3651.750 l.955i2-645 
6-19-11 IFoster peach (vigorous) .. 1. 065 1 . 245 1. 315 1. 745 2 . 200 
7-10-11 iSeedling peach .. ..... . .. 1. 530 1. 660 1 . 740 1. 780 2. 270 1 .... . 
8- 3-ll f Elberta peach ........... 1.470 . .... 1. 760 1. 860 3. 090 
8- 8-11 Snow's Orange peach . .. . . 1. 395 2 . 550 2. 140 2. 580
1
13. 150 
8- 8-ll !Snow's Orange peach .... . 1.425 2.2351 . 9102.1403.040 
8-10-11 1Foster peach . ........ . .. 1.285 1 . 8252.5452.395 j3 . 015 
8-lO-ll 1Foster peach (vigorous) .. 1. 245 1. 825 2. 240 2. 185 2 . 840 
8-14-1 l iThree seedling peach . . ... 1.365 1. 546 1.6311.531 2 . 0861 .... . 
9- 2-11 iThree seedling peach . . ... 1. 190 1. 460 .. ... 1. 460 1. 695! .. .. . 
7- 9-12 ISeedling peach .......... 1 . 130 1. 252 1. 27 5 1. 495 1. 728;2. 390 
5-22-101Silver maple... . . . . . . . . . . 570 . 620 . 600 . 550 . 705 . 965 
6-;2-10 1Silver maple ... . .. . .. . ... ~8~ .~4~ .9~~ . 96~ 1.15~ 1.360 
6--9-10 1Sycamore .... .. .. . ....... :>2.:i . :i7:i .61.:i .86.:i . 99.:i 1.170 6-29-10 ,Elm . ..... . ...... . ....... 495 .475 . 715 .720 .9951.360 
7-25-12 1Lily of Kent apple .. . .... 1 . 120 1. 182 1. 254 1 . 567 1. 538 1. 917 1. 317 
9- 2-12 1Early Harvest apple ....... . .. 1.3131.5421.6721.740 . . . . . 
9-17-12 1Lily of Kent apple . .. .... 1.105 l.4151.2921 . 361f1.4881.9551.530 
12- 2-12 jLily of Kent apple .... ... 1.4201.9301.66511.500i2"000 j . . . . . 
in the cortex sap concentration froi11 the ground upward in the tree, 
though this was not so uniform in the case of the silver maple. On 
:1\farch 5, 1910, sap was secured from the sap wood of the silver maple 
by boring a hole into the sap wood and collecting the exuding sap in a 
test tube. The depression for such sap was: 
From large surface roots ..... . ...... . .. .. .......... 0. 143 
From low on the trunk . ..... . ....... . .. .. ... . . . .... 0.127 
The depression for sap taken in the same way on March 13th was: 
From large surface roots .... ..... . ... : ........ ..... 0. 265 
From low on the trunk ... . . . ... .... . . . ... .... . .... . 0 . 290 
From eight feet up the trunk . .. .... . .. . ......... . .. 0.317 
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Sap determinations were taken from sections of the cortex of 
a large, healthy apple tree, beginning at the extremity of a large 
root and continuing up to the top of the tree. The trunk cortex 
was taken from over the roll of sap wood that connected this root 
with a branch above, and the branch cortex was taken from the branch 
that plainly connected through the sap wood with the large root men-
tioned. The twigs and leaves were also taken from this branch. The 
following table gives the results : 
TABLE VIII.-FREEZING POINT DEPRESS IONS OF SAP FRO:M CORTEX OF APPLE 
TREE TISSUES, J ULY 24, 1913. 
Tissue Distance from crown !Average diameter Depression 
Root 25 to 28 ft. 3-16 in. 1.272 
Root 21 to 24 ft. 1-4 in. 1.105 
Root 17 to 20 ft. 3-8 in. 1.255 
Root 15 to 16 ft. 5-8 in . 1. 232 
Root 13 to 14 ft. 7-8 in. 1 . 207 
Root 11 to 12 ft. 1 in. I 1.200 
Root 9 to 10 ft. 1 in. I 1.128 
Root 7 to 8 ft. 1 1-8 in. I 1. 218 
Root 5 to 6 ft. 1 3-8 in. 1. 197 
Root 2 to 4 ft . 1 1-2 in. 1.185 
Trunk 1 ft. 12 in. 1. 355 
Trunk 2 ft. 10 in. 1.418 
Branches 4 ft. 6 in. 1. 272 
Branches 6 ft . 5 in. 1. 365 
Branches 8 ft. 4 1-2 in. 1.360 
Branches 10 ft. 3 1-2 in. 1. 350 
Branches 12 ft. 3 in. 1.402 
Branches 14 to 15 ft. 3 in. 1.475 
Branches 16 to 17 ft . 1 1-2 in . 1. 542 
Branches 18 to 19 ft . 7-8 in . 1.650 
Branches 20 to 23 ft . 3-8 in. 1.850 
Branches current season's growth 3-16 in. 1.825 
Leaves I 2 . 197 
There was no constant difference in the molar concentration of the 
root cortex sap at that elate. The sap from the trunk cortex two 
feet above the ground was more dense than that from sections twelve 
or fifteen feet above ground. There was a steady rise in concentration 
from four feet above ground to the leaves. 
Determinations were made from sections of a long root from 
this same tree on January 15 and of another on February 24, r9r3. 
Following are the depressions: 
It will be seen that in January and February the depressions were 
greater near the trunk. The molar concentration of the tissue near 
the trunk was much greater at this time than· in July. 
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TABLE IX.-FREEEZIKG POIX'l' DEPRESSIO~ OF SAP FRO'.\! CORTEX OF APPLE RooT. 
Date 
1-16-13 
2-24-13 
Distance from crown 
1 ft. 
2 ft. 
3 ft. 
4 ft. 
5 ft. 
6 ft. 
7 ft. 
8 ft. 
9 ft. 
10 ft. 
11 ft . 
1 to 2 ft. 
3 to 4 ft. 
5 to 6 ft. 
7 to 8 ft . 
9 to 10 ft. 
11 to 12 ft. 
13 to 14 ft. 
15 to 16 ft. 
17to18ft. 
19 to 20 ft. 
Depression 
1.595 
1 . 600 
1 . 620 
1.655 
1 .305 
1.285 
I. 272 
I. 265 
1.315 
1.240 
1.145 
1.383 
1.388 
1 .325 
1.325 
1 .325 
1.250 
1 .290 
1 .290 
1.225 
1.250 
SAP CONCENTRATION AT DIFFERENT PERIODS OF THE YEAR. 
The data in Table VII where sampl.es were taken from the same 
species during enough different seasons of the year to be conclusive., 
suggest that the molar concentration of the cortex sap is smallest in 
late May and June, the most rapidly growing period. 
l\Iany more freezing point determinations were made of sap from 
the cortex of twigs than from any other tissue. The following table, 
showing these determinations, makes it evident that there was a con-
siderably lower molar concentration in the cortex sap during the 
early summer period when the trees are growing rapidly, than during 
the later summer and winter periods. 
It is interesting to note that the reduced concentration comes 
earlier in the season, and the increase in concentration begins earlier 
in the summer in the case of the apple than \vith the peach. This may 
be explained by the fact that the peach continues rapid growth later 
in the season than the apple. Exceptions might possibly come in the 
case of very young apple trees, but all of the trees listed here were 
of bearing age. 
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TABLE X.-VARIATIONS IX FREEZIXG P o rxT DEPRESSIOXS OF TWIG SAPS. 
Date Gano apple Jonathan apple Elberta peach 
3- 5-10 1. 616 
3- 5-10 1.667 
3-30-09 1.440 
3-30-09 1.848 
4-11-10 .978 
4-15-10 .920 
4-17-09 1. 914 
4-17-09 1. 937 
4-19-09 1. 804 
4-20-10 1. 055 
4-21-10 1. 275 
4-26-09 1. 915 
5- 9-10 1.055 
5-20-10 1.115 
5-21-10 1. 055 
5-21-10 .915 
6-10-09 1. 217 
6-15-10 1.360 
6-21-10 1. 415 
6-21-09 1. 285 
6-21-09 1.465 
6- 22- 10 1. 310 
6- 27- 10 1.095 
6-28-09 1.162 
7- 6-09 1.150 
7-10-09 1. 213 
7-14-10 1.280 
7-14-10 1.355 
7-18-10 1 . 725 
7-25-10 1.500 
8- 3-09 1 .340 
8- 5-11 1. 295 
8-10-10 1. 475 
8-10-10 1. 695 
8-17-09 1. 628 
8-17-09 1.672 
8-19-10 1 . 800 
8-25-10 1.505 
8-30-09 1. 691 
8-30-09 1. 813 
9- 1-08 2 .037 
9- 2-08 2 . 161 
9- 2-11 1. 970 
9- 4-10 1.970 
9- 7-10 1. 515 
9- 7-10 1.645 
9-15-09 1 .690 
9-15-11 1.605 
9-30-11 1. 865 
10- 1-10 1.680 
10- 1-10 1. 710 
10- 8-10 1. 870 
10-13-09 1.948 
10-14-09 1 .845 
10-16-09 1. 811 
4 
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Date Gano apple Jonathan a pple Elberta pea&! 
10-21-11 1. 995 
10-22-10 1 . 605 
10-22-10 1.620 
10-27-11 2.055 
10-28-09 1. 728 
10-28-09 1. 819 
10-28-09 2.010 
10-29-10 1. 628 
10-29-10 1.528 
11- 5-08 2.220 
11- 6-08 2.320 
11-11-11 1.925 
11-14-08 2.088 
11-17-09 1. 912 
11-19-09 1 . 870 
11-19-09 1.863 
11-23-10 1.655 
11-25-10 1.665 
11-25-10 1.705 
11-25-10 1. 935 
12- 8-09 1.694 
12-16-09 2.016 
1- 1-09 2 . 525 
1- 1-09 2.525 
1- 1-11 2 . 095 
1-12-10 1.535 
1-19-10 2.013 
1-21-10 1.645 
1-27-10 1. 630 
2 ..... 22-10 2 .170 
2-26-10 1. 734 
SAP CONCENTRATION OF GREEN AND RIPE APPLE AND PEACH 
FRUITS. 
The following table gives the molar concentration of the fruit 
saps of apple and peach in terms of the depression of the freezing 
point. The first calculations were made when the fruit was very small 
and subsequent ones at various intervals until the fruit was ripe. 
In case of both the apple and peach the concentration was greater 
when the fruit was first set than it was later when the fruit was larger 
and probably making 111or1e rapid growth. \ilJhen the fruit was ripe, 
however, it had a greater concentration than at any time previous. 
This would be expected. In the case of peaches, the sap of ripe fruit 
of late varieties such as Kalamazoo, Boley Free, Dewey and Hubert 
Cling, had a considerably higher molar concentration than that of ripe 
fruits of earlier varieties like Lewis, Y1ellow St. John, Alexander and 
Sneed. 
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TABLE XL-FREEZING POINT D EPUESSION OF FRUIT SAPS. 
Date Fruit 
5- 4-09 Apple 
5-' 4-09 Apple 
5-11-11 Apple 
6-13-11 Apple 
7-12-09 Apple 
7-19-11 Apple 
7-22-09 Apple 
7-22-09 Apple 
7-24-11 Apple 
8- 3-09 Apple 
8-15-11 Apple 
9-29-09 Apple 
12- 2-11 Apple 
4-18-10 P each 
4-18-10 P each 
4-22-10 Peach 
5-11-10 P each 
6-12-10 P each 
6-12-10 Peach 
6-12-10 Peach 
6-12-10 Peach 
6-12-10 Peach 
6-13-10 Peach 
6-17-08 P each 
6-17-09 Peach 
6-21-08 Peach 
6-18-08 Peach 
6-21-08 Peach 
6-24-09 Peach 
6-25-08 P each 
6-25-08 Peach 
6-25-08 Peach 
6-30-08 Peach 
7- 1-08 Peach 
7- 8-08 Peach 
7-17-11 P each 
7-18-08 Peach 
7-18-08 P each 
7-18-08 P each 
7-29-08 Peach 
8-14-08 Peach 
8-22-08 Peach 
8-27-08 Peach 
8-31-08 Peach 
8-31-08 P each 
Variety 
Gano .. .. .. ... . . .. . ... ... ... . . . . 
Gano . ... : .... .. ... . . . . . .. . . . . . . 
Ben Davis . ... . ... . ... ... .. . .. . . . 
Ben Davis ... ........... . ... .. .. . 
1Gano ......... . . . .. .... . .. ... .. . 
Gano . . .. . . .. ...... . . .. . .. .. ... . 
Ben Davis ... . ... . .. . .... . . . .. . . . 
Gri mes Golden .... .. ..... .. . .. . . . 
Gano . ...... . . . . .... ... .. . .. . .. . 
Gano ..... ... . . . . . . .. .. .... .. .. . 
Gano .... . .. ...... . .. ... ....... . 
Gano .. . . .. .... ... . . . . . .... . ... . 
Gano . ...... . ....... .. .... .. ... . 
Seedling Elberta . . .... . . . .... . . . . . 
Elberta .. ... ..... . .. ..... .... .. . 
Seedling Elberta ........... . . .. .. . 
Elberta ...... . ...... ... . . . .. .. . . 
Elberta .. ... ...... . . ..... . ... . . . 
Elberta .. ..... . : ... . . ........ .. . 
Elberta .... ..... . ...... . . . ..... . 
Elberta .. ......... ...... . . . .... . 
Sneed . . .. .. . ... .... . . ... ... .. . . . 
Alexander . . . . .. .... ... ... ...... . 
Elbert a ....... .. . . ... . . ... .. .. . . 
Elberta ......... . .. . ... ........ . 
Sneed . .. . .. . . . . . . ... . . ... .. . ... . 
Sneed . . .......... .. . . . . . . ... . .. . 
Alexander . .. ... ........... . . . .. . 
Elberta . . .... . . . .......... . . ... . 
Sneed ......... . . .. . . .. . .. . .... . . 
Lewis .. .. ...... . .. . .... . ... .. . . . 
Alexander; ..... ... . . ..... . ..... . 
Triumph .. .. . . . ....... . . ... . . .. . 
Alexander ..... .... . . ... . . .. . ... . 
Triumph . ... : . ... : . . . . . . . .. ... . . 
Alexander ... · .... ... . . . ...... ... . 
Lewis ................... . ... ... . 
Yellow St. John ... ..... .. . .... .. . 
Rareripe . . . . . . . '. .. ... ..... . .... . 
Lewis . . .... . . ........... .. ..... . 
Elberta .......... . .... . .. ..... . . 
Kalamazoo ... . . .. .... .. .. .... . . . 
Boley Free ... ... .. . . .. . ........ . 
Dewey Cling ....... . ... .. ... . .. . . 
Hubert Cling . . .......... ..... .. . 
Sap 
of 
unripe fruit 
1.624 
1.547 
1. 250 
1 . 230 
1.046 
1.465 
1.155 
1. 273 
1.430 
1. 292 
1. 495 
1.130 
1 .395 
1 . 105 
1. 205 
1. 073 
1 .077 
1.078 
1 .165 
1 . 042 
1.185 
1.117 
1.005 
.961 
1. 012 
1. 091 
1.193 
1.080 
1. 213 
1.068 
1.304 
1 .307 
1 .287 
1.328 
1.289 
Sap 
of 
ripe fruit 
1.823 
1. 950 
1. 165 
1.105 
1.165 
1.474 
1. 210 
1 .464 
1 .320 
1 . 340 
1. 357 
1.824 
1. 734 
1.959 
1. 67 7 
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EFFECT OF VIGOROUS GROWTH ON MOLAR CONCENTRATION 
OF SAP. 
The figures indicate that at the time the molar concentration is 
least, trees are making most rapid growth. Further data have been 
obtained 1 to indicate that vigorous growth generally results in a lower 
sap density. In the spring and winter preceding the seasons of 1909, 
I9 IO and I9I I, some peach trees in the Missouri Experiment Station 
orchard were cut back rather severely. One-half to two-thirds of the 
tops of these trees were cut off. The tops of other trees of the same 
variety were pruned but slightly. In the tables the trees will be 
designated as "Cut back" and "Kot cut back.'' Of course during the 
season following. the trees that were cut back made a much more 
vigorous growth generally and continued to grow later in the summer 
than did the trees that were not cut back. The following table gives 
the freezing point depression of sap from various tissues of trees 
that were cut back and those that were not cut back, the sap being 
taken at intervals during the summer following the pruning: 
It will be seen that except in the early growing season when 
the cutting back could not yet have inftUtenced the sap, the molar con-
centration was generally lower in the tissues of cut back trees than in 
those which were not cut back. There are some exceptions in the 
latter part of the summer. This, however, is probably explained by 
the fact that some of the trees were rather seriously injured by having 
so much of their root system, and also the top, removed for the 
earlier determinations. In October and November the concentration 
is again about the same for each group of trees. This is probably clue 
to a long season giving the cut back trees time for storage even after 
late growth. 
:Molar concentration determinations from roots of asparagus made 
throughout the season also tend to show that during the season of 
rapid growth the roots, at least, show reduced concentration. The 
young shoots of asparagus in garden practice are cut for use from 
the time they start in the spring, until about June I 5th. Following the 
time at which cutting ceases, there is a period in which growth of new 
shoots is very rapid. The cutting of asparagus should tend to reduce 
the drain on the stored nutrients of the roots, since cutting the young 
1. E. B. Copeland, The Relation of Nutrient Salts to Turgor. Bot. Gaz. 
24, 399-416. 1897. 
H. H. Dixon and W . R. G1. Atkins, Changes in the Osmotic Pressure of 
the Sap of the Leaves of Various Plants. Sci. Proc. Roy. Dublin Soc. n. ser., 
1912, 13, 219-222; 18, 229-238; 19, 239-246. 
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TABLE Xll.-DEPRESSION OF SAP FROM TISSUES OF' CUT BACK TREES AND 
TREES NOT CUT BACK. 
Date Variety Tissue 
4-14-11 Early Michigan peach . .... . .... ... Root 
4-17-11 Early Tillotson peach ....... . . . ... Root 
4-17-11 Bell 's October peach .............. Root 
4-15-10 Early ·Tillotson peach ....... . ... . . Root 
4-15-10 Early Michigan peach ............. Root 
4-15-10 Bell's October peach . . ............ Root 
5-13-10 Early Tillotson peach . . ... . . . ..... Root 
5-13-10 Bell 's October peach .... . . .. ..... . Root 
5-14-10 Early Michigan peach .. ........ ... Root 
6-15-10 Snow's Orange peach ....... . .. . .. Root 
6-17-10 Early Tillotson peach ............. Root 
6-17-10 Bell's October peach ... . . . .. ...... Root 
6-17-10 Early Michigan peach ... . . .. .. ... . Root 
6-19-11 Foster peach . . ...... . ...... . ..... Root 
6-24-10 ,Elberta peach ... . .. . ... . ... . . .... Root 
7- 5-10 Briggs Red peach ....... . . . ....... Root 
7-14-10 Elberta l?ea~IL .... . ..... . . ....... Root 
7-16-10 1Early M_1ch1gan peach ...... .. ..... Root 
7-16-lOIEarl,Y Tillotson peach ...... . . . .... Root 
7-16-10 Bells October peach ...... . ....... Root 
8- 8-11 Snow's Orange peach ............. Root 
8-10-11 Foster peach .. . . . ... .. ....... . ... Root 
8-30-1 OjEarl,Y Tillotson peach .... .. ....... Root 
8-30-10 Bells October peach .... . . . . ...... Root 
8-31-10 1Elberta l?ea~h ....... ... .... .. .... Root 
9- 2-10 Early M1ch1gan peach .......... . .. Root 
9- 2-10 Bokhara peach . .... ......... .. . . . Root 
9- 2-10 Globe peach . ...... ... .. . .. .... .. Root 
9- 2-10 Heath Cling peach ................ Root 
10- 5-09 O!dmixon Free peach ........ . .... Root 
11-20-09 Oldmixon Free peach ....... . . .... Root 
6-15-11 Snow's Orange peach ....... ... . .. Twig 
6-19-11 Foster peach ..... ... ... . ... . ..... Twig 
7- 5-10 Brigg's Red peach .. ... . . .. ..... .. Twig 
7-14-10 Elberta peach ....... . . ...... . . ... Twig 
7-27-10 Brigg's Red peach .... .. .. .. . . .... Twig 
7-28-10 Bokhara peach .. ..... . .. ... ...... Twig 
7-29-10 Elberta peach ......... . .. . .. . . .. . Twig 
8- 8-11 Snow's Orange peach ...... . .. . ... Twig 
8-10-11 Foster peach .. ....... ..... . ...... Twig 
8-10-10 Elberta peach ... . ..... . ....... . .. Twig 
9- 7-10 ·1Elberta peach ............ . .. .. ... Twig 
10- 1-10 Elberta peach ... . .. ...... .... . ... Twig 
10-11-10 Early_ Michigan peach .... .. . . ..... Tw~g 
10-12-09 O!dm1xon Free peach . ........... . Twig 
10-22-10 jElberta peach .................... Tw~g 
10-28-09 O!dm1xon Free peach ...... . . . .... Twig 
10-29-101Elberta peach . . ... . .. ... .. .. .. . .. Twig 
11- 5-10 l1 Bokhara peach . ......... . .. . . .... Twig 
11-19-10 Bell's October peach .............. Twig 
11-19-09 j0ldmixon Free peach .. : .. . .... . .. Twig 
Depression Depression 
trees not trees 
cut back cut back 
1.293 
1 .265 
1.285 
.967 
.997 
1.337 
.975 
. 945 
.985 
1.140 
.965 
.865 
.875 
1.155 
.910 
. 910 
.960 
1.030 
1.085 
1.030 
1.395 
1.285 
1.280 
1.265 
1.200 
1.300 
1 . 180 
1.145 
1 . 140 
1. 257 
1.423 
1.490 
1.955 
1.600 
1.345 
1.658 
1.555 
1.385 
2.580 
2.395 
1.725 
1 .655 
1.705 
1.725 
1.728 
1.620 
2.019 
1.628 
2.290 
1.963 
1. 870 
1. 208 
1.300 
1.295 
1. 047 
1.137 
1.322 
1. 055 
1.105 
.965 
1.025 
.830 
.785 
.855 
1.065 
.830 
.790 
.905 
.780 
1. 000 
.840 
1.425 
1.245 
1. 360 
1.240 
1.075 
1.140 
1. 076 
.950 
.955 
1.243 
1. 517 
1.205 
1 .745 
1.300 
1.280 
1.348 
1.335 
1. 213 
2.140 
2.185 
1 .505 
1. 525 
1 .675 
1.700 
1.916 
1.605 
1.819 
1.528 
1.817 
2.063 
1.818 
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Date · 1 Variety Tissue 
I 
11-25-lOIElberta peach ... .. ............... Twig 
6-15-11 Snow's Orange peach .... . ....... . Leaf 
6-19-ll!Foster peach ............ . ........ Leaf 
7-14-lOIElberta peach . ...... . . . ...... . . . . Leaf 
7-27-10 Brigg's Red peach .. . ...... . . . . . .. Leaf 
7-28-lO·Bokhara peach ................... Leaf 7-28-10 , Elber~a peach .. ... . ............. . Leaf 
8- 8-10 Snows Orange peach .. . .... .. . .. . Leaf 
8-10-10 Elberta peach . ................ ... Leaf 
8-22-091Foster peach .. ... . . . .... . ..... .. . Leaf 
9-22-10 Elberta peach ....... ..... ........ Leaf 
10- 7-10 Elberta peach .. . ... . . .. . . ..... . .. Leaf 
10-22-lOIElberta peach .... . .. . .. .. . . ...... Leaf 
10-1!-10 Ear!y Michigan peach .... . .. . ..... L.eaf 
10- ::.-10 Bokhara peach ... . ........ ... . . .. Leaf 
6-15-11 Snow's Orange peach . ............ Main branch 
I Depres - De pres-
sion ~ion 
trees not trees 
!cut back cut back 
-----
I 1 .705 1.665 1 . 990 2.350 
2.200 2.645 
2.545 2.275 
2.428 1. 928 
2.545 2 .115 
2 .170 2 . 110 
3.040 3 .135 
2.875 2.620 
3.015 2.840 
3.510 2.403 
2.815 2.510 
3 .455 3.295 
3.275 3.050 
2.785 2.895 
2.055 1.740 
6-19-11 Foster peach ..... . .... . . ......... Main branch 1. 365 1.245 
8- 8-11 Snow's Orange peach ... . . ........ Main branch 2.550 2.235 
8-10-11 Foster peach .... .......... ....... Main 1 
branch I 
6-15-11 Snow's Orange peach .. ... ........ Secondary 
1.825 1.825 
branches 1.820 1.485 
6-19-11 Foster peach .......... . . . ........ Secondary 
branches 1.750 1.315 
8- 8-lO;Snow's Orange peach .............. Secondary 
, I branch~s 
8-10-lOIFoster peach .......... . .......... Secondary 
branches I 
2 .140 1. 910 
2.545 2.240 
shoot checks growth until a new shoot starts. The following table 
gives the average molar concentration of the sap of asparagus roots in 
terms of the freezing point depression for each month in the year. 
Generally a considerable number of determinations were made for each 
month. The average moisture content for each month i:; also given, 
to indicate the effect the difference in moisture content might have on 
the greater concentratiDn during winter and early spring months. 
The amount of water in the tissues apparentlv influenced the molar 
concentration to some extent but not enough to affect the trend of the 
results. 
It is interesting to note th.at apparently the 10\W~st molar con-
centration is during the period after cutting has ceased when there 
1s very rapid grO\vth of the new shoots without the checking of 
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TABLE XI!I.-DEPRESSION OF ASPARAGUS ROOT SAP FOR EACH MONTH. 
Month Depression Moisture content 
March 1.525 71.3% 
April 1.362 
May .988 83.3 3 
June .922 85.4 % 
July . 784 87 . 5% 
August .850 85.3 3 
September 1. 003 84.3 3 
October 1. 163 82.7 % 
November 1.190 83.4 % 
December 1. 216 82.2 % 
February 1.324 80.3 11(, 
growth by cutting such as ·we have just mentioned. Apparently this 
growth is made largely from the plant food stored in the roots. If 
this is trne and i:nore growth is made when the asparagus is left uncut, 
the roots of cut asparagus should show the highest concentration. The 
following table shows that this is apparently true. 
TABLE XIV.-MOLAR CONCENTRATJON OF ROOT S.w FROi\I CUT AND UNCU'.l' 
ASPARAGUS.* 
Date I Depression I Depression uncut I cut 
6-28-10 .930 1.000 
6-28-10 . 815 .895 
6-28-10 .890 .950 
7- 5-10 .885 .810 
7- 5-10 .625 .930 
7- 5-10 .675 .875 
7-12-10 . 778 .888 
7-12-10 .703 .803 
7-12-10 .818 .958 
vVhile the molar concentration of sap from the roots of uncut 
asparagus is lower immediately following the cutting season than that 
from cut asparagus, the following table indicates that the reverse is 
true for the stems. 
*In the case of uncut asparagus, cutting ceased June 28 while it con-
tinued in the case of cut asparagus. 
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TABLE XV.-1\IoLAR CoNCEll"TRATIOX oF STE:lr SAP OF CuT Axo UNCUT 
ASPARAGFS. 
Date Depression uncut Deproosion cut 
6-28-10 .790 .700 
6-28-10 .760 .775 
6-28-10 .770 .165 
7- 5-10 .870 .700 
7- 5-10 1. 015 .745 
7- 5-10 .980 .735 
7-12-10 1.153 . 713 
7-12-10 1.008 .753 
7-12-10 1 . 088 .718 
MOLAR CONCENTRATION AS A MEASURE OF THE NUTRITION OF 
THE ROOTS. 
The molar concentration seems to be a fair measure of the con-
diti<m of nutrition of the roots. \Vhen a tree is girdled, that is, a ring 
of bark removed from the tree so that the products of photosynthesi!' 
can not pass down into the roots, it is well known that the roots are 
left in a starved condition. The reserved plant food is then gradually 
drawn upon, while on the other hand, the size of the fruit, etc., at the 
top may be increased due to the retention above the girdle of the plant 
TA·IlLE XVI.-FREEZ!l\"G P or:x·r DEPRESSIOX OF SAP FROJI[ GIRDLED AXD 
UxGIRDLED TREES. 
Variety 
Date tree 
was 
girdled 
Date sap 
was 
frozen 
Section 
of 
tree 
Depres-
sions 
girdled 
Depres-
sions 
not girdled 
----------
-----------
--_____ , ____ _ 
Garry Holden peach 1 Early 5-28-10 Root i . 760 .790 
Garry Holden peach Early 6-30-10 Root i .895 1.040 
Garry Holden peach :Early 7-23-10 ·Root 
I 
.835 1.040 
Elberta peach I 6- 5-11 8- 3-11 :Root .650 1.470 
Elberta peach 6- 5-11 8- 3-11 iTrunk and 
main i 
1. 900 1.430 branchesi 
Elberta peach 6- 5-11 8- 3-11 Intermedi- 1 
i ate 
1. 760 : branches 2.140 
Elberta peach 6- 5-11 8- 3-11 1Twigs 2.020 1. 860 
Elberta peach 6- 5-11 8- 3-11 /Leaves 3 .410 3.090 
Ben Davis apple 9-10-09 9-10-09 .Root 1.385 1.450 
Ben Davis apple 9-10-09 9-25-09 'Root 1. 206 1. 339 
Ben Davis apple 9-10-09 10-23-09 Root 1.295 1. 381 
Ben Davis apple 9-10-09 9-10-09 Twigs 1.625 1.661 
Ben Davis apple 9-10-09 9-25-09 !Twigs 1.848 1.606 
Ben Davis apple 9-10-09 10-25-09 )Twigs 1.660 1.402 
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food that would normally go into the roots. The following table gives 
results of the determinations of the molar concentration of sap from 
various tissues of trees that had been girdled, and trees of the same 
variety that had not been girdled. 
It will be seen that soon after the girdling, the starved con-
dition of the roots can be detected by freezing point determinations 
of the cortex sap. Fruit trees from which the leaves bad been re-
moved contained a reduced supply of material in solution as the 
freezing point determinations of their sap will show. 
TABLE XVIL-FREEZING POINT DEPRESSIONS OF SAPS FROM TREES NORMALLY 
GROWN COMPARED ·wrTH THOSE FROM TREES FROM WHI CH LF- 'l.VES 
HAD BEEN RE11'10VED. 
Date of freez-1 
I 
Date on Section of I D epression D epression 
which leaves ing p<;>int .de- i Species plant I 
leaves not leaves 
were removed t ermination removed rem oved 
I I 
6- 1-10 6-16-10 jApple Root I 1.065 .745 
6-13-09 6-17-09 I Apple Root I 1.059 .991 
6- 1-10 6-20-10 Apple Root I .980 . 770 
6- 1-10 7-18-10 !Apple Root i 1.110 .730 
6- 1-10 8- 9-09 Apple Root I 1.477 1. 047 
6- 1-10 8-19-10 'Apple Root i 1.055 .895 
7-20-09 9- 6-09 ]Apple Root I 1.540 1 . 143 
6- 1-10 11-23-10 ,Apple Root i 1. 415 1.155 
6- 1-10 6-16-10 [Apple Twig I 1.500 .645 
6- 1-10 6-20-10 IApple Twig i 1.390 .620 
6- 1-10 7-18-10 'Apple Twig I 1.725 .885 
6- 1-10 8-19-10 Apple Twig 1.800 1.345 
6- 1-10 11- 23-10 .Apple Twig 1.605 1.655 
6- 7-11 7-10-11 .Peach Root 1. 530 .820 
6- 7-11 8-14-11 !Peach Root 1. 366 1.151 
6- 7-11 9- 2-11 P each Root 1.190 1.130 
6- 7-11 7-10-11 Peach Twig 2.270 1 .285 
6- 7-11 8-14-11 iPeach Twig 2 .086 1. 871 
6- 7-11 9- 2-11 ·Peach Twig 1 . 695 1 .450 
6- 7-11 7-10-11 P each Trunk 1.660 1. 095 
6- 7-11 8-14-11 P each Trunk 1.546 1.546 
6- 7-11 9- 2-11 ,Peach Trunk 1.460 1 .320 
6- 7-11 7-10-11 ,Peach Main branch 1. 740 . .970 
6- 7-11 8-14-11 ,Peach Main branch 1. 631 1.385 
6- 7-11 7-10-11 •Peach Secondary 
branch 1. 780 1. 025 
6- 7-11 8-14-11 P each Secondary 
branch 1. 531 1. 381 
6- 7-11 9- 2-11 Peach Intermediate 
branch 1.460 1. 250 
It will be seen that in all tissues the effect of the removal of 
the leaves can be detected in a short time by the reduced molar con-
centration of the sap. The greatest clifferenoe was detected shortly 
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after the leaves were removed and before growth of new leaves was 
sufficient to affect the results. 
These data and also those above on the density of sap of roots 
at the time of the most rapid growth of the top seem to indicate 
that the molar concentration determinations are fair indications of 
the nutrition of roots. especially when considered in connection with 
the apparent fact that there is reduced root growth at times of the 
greatest top growth.1 Hammerle 2 found that the roots of Acer 
pseudoplatam1s made their principal growth in spring and autumn with 
very slight growth in summer. This station has found sap density 
to be lowest in early summer. 
Of interest in this line is the molar concentration of the cortex 
sap from Elberta peach twigs from l\lorrill, Texas. On IVIarch 30 . 
r909, twigs were taken by the writer at that point and carefully 
wrapped and sent back to Columbia, l'dissouri, for freezing point 
determination of the sap. The preceding \\;inter had been so dry and 
warm that the trees in spring seemed almost too weak to send out the 
first foliage and bloom. l\lany of the blossoms dried up and fell 
prematurely from the tree. Although leaf growth was showing on 
Elberta at Columbia, yet at :Morrill, 500 to 600 m iles further south, 
leaf growth had not yet started. The freezing point depression of 
Elberta twig cortex sap from Morrill. was r.002° C. while that from 
Columbia, \\·as r.400° C. to r.848° C. Here also the molar concentra-
tion of the sap seemed to be a measure of the condition of the nutrition 
of the tree. 
If molar concentration is a fair estimate of the nutrient con-
dition of the plant tissue, then some interesting observations may be 
made from Table XI as to the effect of very vigorous prnning on 
the rate of growth of the top. It is very often stated that t rees that 
have been pruned sev·erely make vigorous growth because the plant 
food stored in the roots, trunks, and limbs of the tree is divided up 
among a smaller number of growing points and therefore more nu-
trients are available for each of the shoots left. \Vhen we consider. 
however, that nearly throughout the season the molar concentration 
of these vigorously growing, severely pruned trees is smaller than 
that of unpruned trees, it would seem rather doubtful if the increased 
food supply explains the more rapid growth of the twigs of the 
severely prnned trees. It would seem more likely that the late 
1. .Tost Phvs. of Plts. Gibson Trans. p. 346. 
2. Hammerle, Beitr. Wiss. Bot., 4, pt. 2, p . 15; abs. in Bot. Centlb., 88 
(1901), No. 4, p. 107. 
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vigorous growth of the twigs left on the pruned trees may be clue 
to the more abundant water supply. \Vhen a tree . is pruned severely 
there is a large root system to supply water for a smaller top. Not 
only does the normal root sysrem have a much smaller top to supply, 
but the top is brought nearer the root system so that a great amount 
of resistance to the movement of water is eliminated.1 That the 
evaporation from the top is probably very greatly reduced by the 
severe pruning may be seen from the following table which gives the 
total leaf surface, at the encl of the season, of peach trees that had 
been pruned severely as compared with that of check trees which had 
not been pruned severely. The leaves were measured by making their 
outlines on cross s·ection paper and counting the squares. 
TABLE XVIII.-Col\IPARATil'E LEAF SUJ!FA('[' OF PlHTXED AXD UxPr.UXEf) PEACH 
TREES. 
Variety 
Number 
of 
leaves 
Number 
of leaves 
measured 
Average j Total sur-
size of I face of 
leaves tree 
-----·------------ - - I ______ _ 
Oldmixon, Pruned .. .. . . . . 
Oldmixon, Un pruned ..... . 
Oldmixon, Unpruned ..... . 
Oldmixon, Pruned ....... . 
Oldmixon, Un pruned ..... . 
Elberta, Pruned ......... . 
Elberta, Pruned . .... . . . . . 
Elberta, Un pruned . . .... . 
18,686 
24,985 
55,042 
18,245 
32,286 
17 ,806 
14,077 
30,096 
100 
100 
100 
100 
100 
100 
100 
100 
5.41 sq. in. I 702.71 sq. ft. 
4. 89 sq. in. 848. H sq. ft. 
4.18 sq. in. 1,597.74 sq. ft. 
4.71 sq. in. 599.76 sq. ft. 
5. 20 sq. in. 1,165. 80 sq. ft. 
1
4. 82 sq. in. 596. 00 sq. ft. 
5. 25 sq. in. 513. 22 sq. ft. 
4 -- . 99? -- f I . /.:isq.in. -.i.:isq. t. 
The evidence indicates that a pruned tree will not have as large 
a root system in the latter part of the season as it would have if the 
tree were left nnpruned. Pickering 2 of the \Voburn Experiment Sta-
tion has found that in the English climate severe pruning is unqnes-
tionably a dwarfing process. This has been found true of peaches 
in l\fissouri. It seems probable that the explanation of this is a 
reduced root growth on account of the reduction of the leaf surfac.e. 
The fact that the roots have a low·er concentration is suggestive 
of this condition. Although the rapidly growing tops have apparently 
a smaller concentration it should be remembered that at the time of 
the most rapid top growth there is apparently a reduced root growth. 
1. E.wart. Phi1. Trans. of Roy, Soc London, Vol. 198, s·ect. B., 1905, p. 
41; 1908, Vol. 199, p. 341; and annals of Botany, Jan. 1910, p. 85. 
2. Pickering-Jour. Roy. Hort. Sec. London, Vol. 83, p. 487, and Woburn 
Fruit Farms Report No. 5, pp. 21-41. 
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The water supply evidently affects the rapidly growing top more than 
it does root growth. It seems more likely that the rate of root gro\vth 
is affected more by the amount of elaborated materials which reach 
them. 
This Station has never been successful in getting peach or apple 
trees to grow in the greenhouse sufficiently well to permit conclusions 
to be drawn from them. .-\. variety of pomegranate on account of its 
adaptability to greenhouse culture was chosen for experimentation. 
This variety has only a brief deciduous period. Some plants were 
started in pots in early December, I907. shortly after they had finished 
the dormant period. A portion of the plants were cut back severely7 
the others left unpruned as checks. By observation it was found that 
during the period of rapid growth of the shoots, the root growth 
on the pruned trees was much smaller than on the unprunecl trees. 
Figures 2 and 3 illustrate this fact. The pruned trees, however, held 
their leaves longer, and before their leaves had fallen the root growths 
of the pruned and unpnmed trees were approximately equal. If 
pruning is a dwarfing process. then it seems highly probable that the 
reason will be found in the reduced nutrition of the roots clue to the re-
duced leaf surface referred to in Table XVIII. It also seems probable 
that the dwarfing process would not be so great in sections where the 
growing seasons are long. 
MOLAR CONCENTRATION OF LEAF AND FRUIT SAPS IN RELATION 
TO THE MOVEMENT OF WATER. 
Pringsheim 1 seemed to find that in case of thick leaved plants 
such as Scdum spectabile, the young leaves were able to take moisture 
from the old dying leaves. Upon investigation he found that the 
young leaves hacl a higher sap concentration than the elder leaves. 
\\'hile this seems trne of plants with thick flesh y leaves, it is apparently 
not true of deciduous trees. Dixon and Atkins 2 found that the old 
leaves of lilacs and other trees had a larger sap concentration than 
the young ones. The work at this station verifies this finding in the 
case of peach and apple trees, as the following table will show: 
1. Pringsheim-Jarb. f. Wiss. Bot. Vol. 43 (1906), pp. 89-144. 
2. Dixon and Atkins-Sci. Proc. Roy. Dublin Soc. n. ser. 12 (1910), No. 
25, PP. 275-311; and Sci. Proc. Roy. Dublin Soc. n. ser. 13 ( 1912), Nos. 
16, pp. 219-222; 18, ))P. 229-238; 19, pp. 239-246. 
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TABLE X!X.-FREEZING POINT DEPRESSIONS OF SAP 
FROllI OLD AND YOUNG 
LE A.YES. 
Freezing point depressions 
Date Species Young leaves Old leaves 
April 31, 1908 Peach 1.980 1 . 937 
April 31, 1908 Peach 1 . 954 1.927 
June 5, 1908 Peach 1. 210 1.7
25 
June 5, 1908 Peach 1.185 1.
417 
June 6, 1908 P each 1. 310 1.
 511 
June 11, 1908 Peach 1. 967 1.989 
June 11, 1908 P each 1. 558 1. 93 1
 
June 16, 1908 Peach 2.083 2 . 195
 
June 17, 1908 Peach 1. 615 2.290
 
June 12, 1913 Apple 1.202 1.849
 
The following table, however, shows that leaf sap has a mttch 
,greater molar concentration than the sap from succulent fruits : 
'TABLE XX.-RELA1'IVE FREEZING P OI"°T DEPRESSfON 
OF SAPS FROllI LEAVES 
AND F BUITS. 
Variety Fruit Date 
Downing . . . ... .... Gooseberry .... .. . June 2, 19,,11 
Columbian . ... . . .. Gooseberry .. .... . June 2, 1911 
Wild Native . .... . . Gooseberr y ....... June 2, 1911 
Gano .. . .. . .... . .. Apple . .. .. . ... . . July 19, 1911 
Ben Davis ..... . ... Apple ... . . . ..... July 27, 1911 
English Morello, 
(Green) . .. ...... C herry .... . ..... June S, 1911. .. 
English Morello, 
(Nearly ripe) . . . . Cherry . .. .. .. . .. June 5, 1911 
English Morello, 
(Ripe) . .. . . . . . .. Cherry ... . . . . . .. June 5, 1911 
Montmorencv 
(Green) .. : ..... . Cherry . .. . ...... June 10, 1913 
Montmorency 
(Ripe) ........ . . C herry .. . . · ..... . June 10, 1913 
P erfection (Green) Currant ... ... ... May 26, 1911 
P erfection 
(Nearly Ripe) . ... Currant . ... . .. . . June 15, 1911 
Strawberry . . ..... J une 3, 1911 
Black Raspberry. June 26 , 1911 
Watermelon . .. . . . Oct. 12 , 1909 
Pumpkin . . .... . . Sept. 28, 1909 
Cucumber ..... . . Sept. 28, 1909 
Gourd . ...... . ... Aug. 12, 1913 
T omato .... . .. . .. Aug. 12, 1913 
D epression Depression 
leaf sap fruit sap 
1.380 
1 .410 
1.530 
1 .880 
1. 917 
2.708 
2.708 
2 . 708 
2 . 370 
2.370 
1 . 130 
1.130 
2.090 
1 .773 
.882 
.778 
. 675 
. 927 
.970 
1.005 
. 965 
1. 050 
1 . 465 
1. 230 
1. 425 
2.243 
2 . 375 
1. 260 
1. 765 
.930 
1.110 
.745 
1.108 
.578 
.648 
.525 
. 705 
.875 
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It would seem possible, then, that if the tree has insufficient 
water the fruit would tend to suffer, since the water would move by 
process of osmosis from the fruit to the leaves. There is a consider-
able amount of experience to indicate that this is true. 
On a number of occasions twigs bearing leaves and fruit were 
cut from the tree, the basal encl of the twigs paraffined and the fruit 
covered with paraffin without injuring the tissue ( this can readily be 
done since paraffin has a very low specific heat). To prevent rapid 
wilting of the leaves, the twigs were then placed in a basement room 
\vhere evaporation was slow. At the same time check twigs of the 
same variety and from the same tree, containing leaves but no fruit~ 
were placed by the side of the twigs with fruit. The same was done 
with the annual plants. Following is a list of some of the exper iments; 
English Ji orello Cherries. 
A. June I2, I9II, 3 :oo P. id. Ripe fruit, paraffined, and left 
on stem with leaves. At 8 :oo A. l\I. the following clay the leaves were 
drying out but the fruit was not shriveled. At 6 :oo P. M. the second 
clay there was no shrinkage of fruit but the leaves were completely 
dried up. _.\t 8 :oo P. M. the fourth clay the fruit was not shriveled. 
At 6 :oo P . :\I. the second day there was no shrinkage of fruit but the 
leaves were completely dried up. At 8 :oo P. l\I. the fourth day the 
fruit was not shriveled; leaves clry and curled. 
B. Paraffined green fruit left on stem with leaves at 3 :oo 
P. l\I. June I2, I9I I. A~ 8 :oo A. M. the following morning there 
\Vas a slight shrinking of fruit; leav•es still fresh. At 6 :oo P. M. 
the second clay the fruit was much shriveled and the leaves still fairly 
turgid. _.\t 8 :oo P. ?>.I. the fourth day the fruit was badly shriveled; 
the leaves \Vere dying but were not dried out and curled. 
C. (Check on A.) June I2, I91 I, 3 :oo P. J\L Ripe fruit 
paraffined on stem with no leaves. At 8 :oo A. M . the following 
day the fruit was not shriveled. At 6 :oo P. l\L the second day the 
fruit was not shriveled. At 8 :oo P. l\L the fourth day the fruit was 
not shriveled. 
D. (Check on B.) June I2, I91I, 3 :oo P. M . Green fruit 
paraffined on stem with no leaves. At 6 :oo P . ::\I. the second day the 
fruit was not shriveled. At 8 :oo P. M. the fourth day the fruit 
was not shriveled. 
Late Tf' hitc- Cling Peaches . 
• ..\. June 12, I 9 1I, 5 :oo P . ?.L Young green fruit paraffined 
on twig with Ieaves. At 8 :oo A. ~I. the day following, slight shriveling-
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of fruit; leaves not ·wilted. At 6 :oo P . M. second day the fruit 
shriveled; leaves still turgid. At 8 :oo P. M. the fourth day the fruit 
was badly shriveled; leaves nearly dry. The fruit was very small 
and hence afforded only a small amount of water. 
B. (Check on A.) No leaves; fruit paraffined at 8 :oo A. lVI. 
Day following, no shriveling of fruit. At 6 :oo P. M. the second day, 
fruit not shriveled. At 8 :oo P. M. fourth day fruit not shriveled. 
Snee·d Peach. 
A. June I2, 19rr, 5 :oo P. M. Fruit paraffined on twig with 
leaves. At 8 :oo A. M. the following day there was no shriveling 
of fruit. At 6 :oo P. M. second day fruit beginning to shrivel. The 
leaves are still turgid. At 8 :oo P. M. fourth day the fruit was 
shriveled but leaves fresh. Fruits were large enough to furnish 
considerable water. 
B. (Check on A.) No leaves, fruit paraffined. ..\t 8 :oo A. M. 
the following clay there was no shriveling of fruit. At 6 :oo P. M. 
the second day the fruit was not shriveled. At 8 :oo P. i\I. the fourth 
clay the fruit was not shriveled. 
C. June I2, I9II, 5:00 P. :M. Leaves on stem; no fruit. At 
8 :oo A. M. the following clay, leaves wilted badly. At 6 :oo P. M. 
second clay the leav·es were almost dry. At 8 :oo P. l\I. the fourth 
day leaves were completely dry. 
Grapes. 
A. June 12, 19II, 5 :oo P. M. Fruit paraffined and left on 
shoot with leaves. At 8 :oo A. M. the following day the fruit was 
considerably shriveled. At 6 :oo P. M. the second day the fruit was 
badly shriveled; leaves alive but wilted. At 8 :oo P. 1L the fourth 
day the fruit was completely shriveled and leaves dying. 
B. (Check on A.) Fruit paraffined on shoot without leaves. 
At 8 :oo A. M. the clay following the fruit was not shriveled. At 
6 :oo P. i\'1. the second day the fruit was not shriveled. At 8 :oo P. 11 . 
the fourth day the fruit was not shriveled. 
Do·wning Gooseberries. 
A. June I3, I9II, 3 :oo P. JVI. Fruit was paraffined and left 
ori stenis with leaves. At 8 :oo P. rvI. the third day the fruit was 
turgid and the leaves almost dried out. At 3 :oo P. M. the fifth 
day, the fruit showed no shriveling and the leaves were very dry. 
B. (Check on A.) Fruit paraffined on twig without leaves. 
At 8 :oo P. M. the third day the fruit was not shriveled. At 3 :oo 
P. M. the fifth clay the fruit was not shriveled. 
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P crfection Currant. 
A. June I3, r9rr, 3 :oo P . :i\L Fruit paraffined and left on 
stem with leaves. At 8 :oo P. l\I. the third day the fruit was not 
shriveled and the leaves were almost dried out. At 3 :oo P. M. the 
fifth day the fruit was not shriveled; but the leaves were completely 
dried out. 
B. (Check on A.) Fruit paraffined, no leaves on twig. At 
8 :oo P. l\L the third day fruit not shriveled. At 3 :oo P. M. the 
fifth day fruit not shriveled. 
1lf isccllaneolls Species. 
Thursday, May r8, r9r r. Took twigs of Early Richmond, Mont-
morency, and English Morello cherries; of J uneberries; of apples; 
of peaches (Connett) and of strawberries and paraffined the fruits. 
On Saturday all fruits were shriveled, but the apples, peaches, cherries, 
and stra\vberries shriveled worse than the J uneberries. Early Rich-
mond was worst shr iveled of the cherries. Check fruit without 
leaves were not shriveled except strav:berries and those were shriveled 
slightly perhaps on account of evaporation from stem bracts. 
Saturday :.\Tay 20, 191 r. Cherries of the three above varieties 
were taken and prepared as above. On Monday they were shriveled 
but in the following order: Early Richmond, Montmorency, English 
i\Iorello. 
Tuesday, l\Iay 23, 191 r , 12 :oo l\L Columbus and Dmvning goose-
berries and currants were paraffined. By \Vednesday afternoon, Co-
lumbus gooseberries wer·e shriveling but no shriveling could be seen 
on Downing even by Friday noon. Fruit on twigs without leaves 
showed no shriveling. 
Friday, May 26, 191 l . vVild gooseberries were paraffined in 
the same way as other fruits with and without leaves. By Saturday 
fruits \Vith leaves on the twigs showed some shriveling and by Monday 
considerable. 
Thursday_, :'.\fay 25, 191!. Early Richmond cherries were par-
affined at noon and by F riday no shriveling could be positively 
observed. By Saturday shriveling could be plainly seen. At the same 
time, gooseberries and currants showed like shriveling. 
June 3, 1913, at 7 :30 A. M. some Dyehouse cherry twigs with 
leaves and young green fruits were obtained. The fruits and cut 
ends of the twigs were coated with paraffin. The twigs were then 
placed in a moist basement room to wilt. By IO :oo A . M . the next 
day the young cherries had shriveled and become wrinkled. The 
leaves were turgid. At IO :oo A. l\L the third day the leaves were 
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beginning to roll; the green fruit had shriveled to the seed. At 5 :oo 
P. M. the fourth day some leaves had turned yellow. 
June 6, I9I3, at 8 :oo A. M. Montmorency cherry twigs with 
leaves and fruits (green and ripe) were gathered. The fruits and 
ends of the twigs were coated with paraffin. Some detached fruits 
(green and ripe) were also coated with paraffin; some were detached 
but received no further treatment. All were allowed to wilt. Twigs 
with leaves, but without fruit were put in as checks. At 5 :oo 
P . M. the day following, the greenest paraffined fruits on the leafy 
twig showed most wrinkling; the red fruits were normal. The leaves 
were slightly more turgid than the leaves on twigs without fruit. The 
detached paraffined fruits were all turgid. Same was true of detached 
unparaffined fruits. 8 :oo A. M. the third clay all leaves considerably 
wilted. The green fruits attached to twigs were strongly wrinkled; 
the ripe fruits appeared normal. The paraffined detached fruits were 
all turgid. The green unparaffined detached fruits showed wilting. The 
ripe fruits are still normal. By 4 :oo P. M. the fourth day, all the 
green cherries were very badly shriveled. The ripe fruits were still 
turgid. The half ripe fruits were shrinking some. All the leaves 
were much wilted. The detached paraffined fruits were normal. The 
detached, tmparaffinecl green cherries had shriveled somewhat, but not 
nearly so much as those on the twig. The ripe fruits were normal. 
On August 7, I9I3, a piece of gourd vine about two f.eet long 
containing five large leaves and a fruit about five inches in diameter 
was placed by the side of a similar vine with no fruit. Two days 
later the vine with the fruit was fully turgid with the growing ends 
erect, while the one with no fruit was limp. On previous years, 
watermelons have shown the same phenomenon. Tomatoes under like 
conditions at the same time showed the same phenomenon but not 
so markedly. 
It will be seen that in each case the leaves have been able to 
remove the water from the fruit and to remain alive when attached 
to the stem containing fruit much longer than when on stems without 
fruit. In fact in many cases peach leaves on stems containing fruit 
have never dried up as they normally do on detached stems, hut have 
gradually turned yellow and fallen off much as in antunm leaf fall. 
It is interesting to note that in the case of ripe cherries the 
water is removed from the fruit much more slowly than from green 
ones, as Figure 9 will show. The following table also shows the 
percentage of water removed in one clay from green and ripe cherries: 
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TABLE XXL-Loss OF WATER FRO:l.I CHERRY FRUITS ox A DETACHED Twrn. 
i 
1 Condition Moisture Moisture Percent-
Date / of in fresh in wilted age 
________ 
1 
____ f_r_u_it ___ 
1 
___ ch_e_r_r_ie_s __ 
1 
__ c_h_e_r_ri_e_s_i __ Jo"ss __ 
I I o 001 c1 Junel4,1913 .... . ... Ripe .... . ... 86.54 % 86.33 % . _ ,,0 
June 14, 1913 ..... · [· . Green....... 86.82 % 84 02% 3 . 225% 
~1 - -
Each of the figures given here is the average of three detennina-
tions where the range of ,error was narrow. Each of the wilted 
cherries, green and ripe, had been for one day in a moist basement 
room on detached twigs containing one leaf for each cherry. Of 
course the fresh cherries were different individuals from those whose 
moisture content was determined after wilting, but the highest moisture 
percentage for unwilted green fruit was 86.94 per cent and the lowest 
86.27 per cent. In case of the green fruit the lower moisture content 
of those attached to the leafy twigs for a clay must have been due 
to the removal of water by the leaves, since the fruits had been 
paraffined while on the twigs. 
Reference to Table No. XX will show that ripe cherries have 
a much greater molar concentration than the green cherries, though 
still a smaller concentration than that of the leaves. 
Perfection currants when nearly ripe and Downing gooseberries 
also lost their \\•ater more slowly than did most other fruits. Their 
fruits show a concentration more nearly equal to that of the leaves 
than do most other fruits. Columbus gooseberries and the wild goose-
berries show a greater difference between the molar concentrations 
of the sap of fruit and leaves than do Downing and the leaves took 
the \vater from the fruit more conspicuously. 
Results of some practical observations indicate that in the field 
at times a large leaf surface may reduce the size of the fruit, probably 
in this manner. Strawberries fertilized with nitrogen in the experi-
ments carried on by the Missouri Experiment Station in South l'dis-
souri have made much larger J.eaf growth. During the dry season 
of r9II, and that of 1913 . the fruit shriveled much worse on these 
large leaved (fertilized) plants than on plants of medium growth. 
Mr. Frank Horsfall, formerly of the Missouri State Fruit Ex-
periment Station, reports that during the sason of 1901 , he advised 
a man who owned a peach orchard near J'viountain Grove, Missouri, 
to cultivate it well in order to enable the trees to carry a good 
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crop through the drought. The man did this and retained the foliage 
on his trees. There was a good set of fruit, but Mr. Horsfall re· 
ports that practically none of the fruit became larger than an egg, 
and many of them shriveled up on the trees. However, in an. ad-
joining orchard in similar uncultivated soil, the leaves fell badly 
early in the summer but the fruit became large enough to be first 
dass and a good crop was harvested. It seems probable that in 
this case the large foliage had simply keut the water ex:hausted 
from the fruit in much the same manner as the foliage on the twigs 
<letached from the trees mentioned above. 
Mr. D. A. Robnett of Columbia, J\Iissouri, states that during 
the same season he cultivated well one of his orchards. while another 
was tmcultivated. On the uncultivated orchard he harvested larger 
and better fruit. Other Missouri growers during the very dry season 
of 1901 had the same experience. Apparently on snch a very dry 
season the large leaf surface was undesirable. This would probably 
be ·explained by the data given above. 
In Bulletin roo of the Pennsylvania Experiment Station, Stewart 
·states that in the season of 1909 apple trees fertilized with nitrogen 
bore smaller fruit than trees not so fertilized. This was also a dry 
season. Stewart later apparently has come to the conclusion that the 
reason for this smaller frnit was the fact that the trees fertilized 
with nitrogen bore a heavier crop. It is not impossible, h.01vever, 
that both influences wePe at work. At any rate observations liave 
been made on the l\'Iissouri Experiment Station grounds that indicate 
that the trees with the leaf surface reduced by severe pruning have 
borne larger fruit, even when they had a larger crop than the trees 
that had not been prnnecl so as to reduce the leaf surface. The 
following table shows the number of fruits, as well as the average 
·size of the fruit, from pruned and unprnned Jonathan apple trees: 
The trees were of the same age and had received the san"J.e treat· 
ment except as to pruning. The pruned trees were cnt back rather 
severely on each Df the two preceding years. 
It will be seen that the pruned trees bore the larger fruit even 
though they had more fruits on the tree. A number of other pruned 
-and unprunecl trees have shown this same general result. ..Apparently 
the only explanation for this is that on these dry years tbe fra it 
·suffered from having the large leaf surface with its ability to rernove 
water from the fruits by means of the larger molar concentration 
of the leaf sap. It has not been possible, however, to increase the 
siz·e of the fruit by removing part of the leaf surface. 
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TABLE XXIL-CO)IPARATI\"E Nl.11!BER A X D SIZE OF FRU ITS ox PIW:\" ED AND 
U2'PRl:XED JO:\ATHAN APPLE TREE S . 
Date 
l\ug- 5, 1913 .... . . . . _ 
l\ug_ 5, 1913 . . - .. - . - . 
ug. 9, 1913 . _ . . . _ ... 
l\ug. 15, 1913 . . _ . . .. . 
A 
A 
A 
ug. 15, 1913 ... . . . . . 
l\ug. 15, 1913 . .... ... 
ug. 15, 1913 . .. .. . .. 
A verage . . _ . . . __ .. .. · I 
U n pruned 
I No. of Average Apples Weight 
I 
grams 
192 38.67 
436 60.30 
1424 68.16 
468 62.56 
51 72.87 
514 63. 7 
Pruned 
No. of Average 
Apples Weight 
grams 
857 70.50 
1149 62 . 00 
1216 61 . 00 
656 73 . 65 
822 81 . 33 
449 63.72 
I 
471 82.21 
I 803 72 . 3 I 
During the very dry season of 1913 111 picking peaches on fertil-
ized plots at Brandsville, ::\Iissouri, Mr. A. J- Heinicke 0bserved that 
previous to August 6 the fruit on the trees that had been fertilized 
with nitrogen and showed a very greatly increased foliage was wilted. 
This could be observed both by the appearance and the feeling of the-
peaches_ On August 6, there was a shower large enough to increase-
the humidity of the air and to greatly reduce the evaporation, but 
probably not large enough to affect the available supply of moisture 
in the soil. On the next clay, the fruits on the fertilized trees were as. 
turgid as those on the unfertilized trees. In all cases the fruit s on 
the trees fertilized with nitrogen were smaller, but in nearly all cases 
the crop was larger so the difference in size could not positively be-
attributed to the removal of water from the fruit by the leaves. It 
seems probably, however, that since the trees had been fertilized for-
three or four years with nitrogen and were larger and much stronger 
than the unfertiliz-ed trees they should have been able to carry a larger-
crop of fruit_ In one case, twelve trees that had been receiving nitro-
gen for three seasons, bore an average of 314 peaches or 40 pounclsc 
to the tree. The average size of the peaches was .128 pounds. Eight 
unfertilized trees bearing an average of 305 fruits or 45-4 pounds to· 
the tree had fruit , the average size of which was .149 pounds_ In this 
case the difference in size could not have resulted from the differ-ence 
in the size of the crop_ 
During the season of rqII , which was rather dry in South Mis--
souri a partial crop of fruit was borne in the orchard of the Ozark 
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Fruit Farm Company at Brandsville, Missouri, on some trees that had 
been pruned severely in the spring of 1910 and on some trees that had 
been fertilized heavily with ammonium sulphate at the same time. 
The fertilized trees made a very rapid growth with large leaves during 
the summer of 1911, and the pruned trees also continued to grow 
vigorously during that season. The pruned trees bore more fruit, 
three and one-fourth bushels on nine trees against four bushels on 
thirty fertilized trees. It required r22 fruits from the pruned trees to 
make a bushel against 209 from the ferti lized trees. The pruned trees 
evidently had a much smaller leaf surface in proportion to their root 
system and probably also a much reduced resistance to the sap flow 
because nmch old wood had been cut off, thus forcing the fruiting 
twigs much nearer the root system. 
At East Bloomfield, N. Y. , in 1913 an orchard belonging to Mr_ 
1George A \iVheeler had been well cultivated and fertilized heavily. 
It carried a vigorous appearing foliage late into the season, which 
-certainly indicated a thrifty condition of the tree, yet the fruit on these 
trees was exceptionally small. In a number of orchards observed near 
the Lake Ontario R:egion, where it would be expected that the humidity 
would be much greater and the evaporation less, the fruit was unusually 
1arge, though the trees were bearing as large or larger crops than those 
borne by the \Vheeler orchard. 
These instances are not offered as positive proof that a heavy 
foliage may reduce the size of the frui ts on dry years on account of 
the greater osmotic strength of the leaves, but they certainly seem to 
indicate that such is the case. 
Even in a s·eason of drought with rain at the ripening time, it 
-seems possible that trees with a reduced foliage are more likely to 
develop fruit of a normal size than those with a large leaf surface. It 
is not claimed. however that this is positively proven. 
In discussing the removal of water from the fruits by the leaves, 
it has been assumed that this movement took place because of the 
greater osmotic concentration of the sap of the leaves. In order to 
explain the mov•ement of water in this slow way in thie direction of the 
greater molar concentration, it is not necessary to assume that the 
columns of water have as large tensile strength as they would in the 
case of the upward movement of the sap, if the molar concentration 
of the sap of the leav·es is considered the force that brings about the 
movement. In this case the movement is so slow that it could probably 
take place by osmosis from cell to cell, or probably, as a result of the 
difference in vapor tension. Assuming no other influences, the vapor 
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tension in the leaves must be less than that of the solution with the 
lower molar concentration in the fruit. O f course it is possible that the 
force of imbibition affects the vapor tension in such a way tha t there 
would be little or no difference resulting from the different molar 
concentrations. To the best of the writer's knowledge, the extent of 
this influence has not been successfully determined. 
In order to give more positive evidence as to whether or not the 
movement of the water from the fruit to the leaves is due to the 
greater osmotic concentration, tomato plants were grafted by the 
approach method. _-\fter a union ·was perfected they were uprooted 
and the root system of one of the plants placed in water , and that of 
the other in a cane sugar solution with a concentration much greater 
than that of the sap of the plants. The roots were kept in th is way 
for two clays. Then the plant whose root system had been kept in 
water was placed in a moist chamber with a paraffin paper cover that 
was slit so that the leaves of the other projected above the paraffin 
paper cover. The plants were kept in this way until the one whose 
roots had been kept in sugar solution began to show some wilting. 
They vv··ere then removed and it was found that the one in the moist 
chamber whose roots had been kept in water solution was wilted worse 
than the exposed leaves of the plant whose roots had been kept in the 
sugar solution. as Plate 12 will show. 
It seems conclusiv·e then that the water had moved from the plant 
in the moist chamber through the g raft union to the exposed leaves 
of the other plant. It indicates that the water m oved in the direction 
of the greater osmotic concentration. \ Vhile we have no check to 
tell the difference in concentration, (the osmotic conce1tration \vas· 
not determined with these particular plants) we have by a similar 
method more than doubled the concentration of the leaf sap of 
tomatoes. 
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PL\TJ<.: 1. 
Apparatus for expressing plant juice. The two blocks between which 
the plant tissues were pressed are shown at 1 and 2. The juice 
escaped through a hole, 3, in block 1. The plant tissue was placed between the blocks 1 and 2, which in turn were placed between. 
the pieces of movable 4 i nch x 4 inch pieces which are drawn 
togeth er by bench screws. 
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PLATE 2. 
Comparative root gr-owth of an unpruned pomegranate and one severely 
pruned two months previously. Note the larger number of roots 
projecting through the soil of 2, the unpruned plant. 
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PL"\TE 3. 
Comparative root growth of an unpruned pomegranate and one severely 
pruned four months previously. The root system of 2, the un-
pruned plant, is much larger than that of the pruned plant. 
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PLATE 4. 
Comparative root systems of pruned and unpruned pomegrantes, at the 
end of a long season. Numbers 2 and 3, pruned plants, by hold-
ing their leaves longer, have as large root systems as the unpruned 
plants. 
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PLAT E 5. 
Showing parts of a cucumber vine that had been kept in a humid room 
for three days. Leaves on the vine, 1, with no fruit attached were 
badly wilted while those on 2 with fruit attached had remained 
sufficiently turgid to show the erect appearance in the figure. The 
fruit later showed great shriveling on account of the water being 
drawn out by the leaves. 
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PLAT!<: 6. 
Showing the effect of 
a fruit in maintaining. 
turgidity of leaves on 
a detached apple twig, 
Leaves at 1 have been 
kept alive by water· 
they could pull from 
the fruit at 2 , though 
the water had to move 
down t he twig to sup-
ply the leaves. Leaves 
at 3 with no fruit 
attached to the twigs 
were beginning to wilt 
and die when ]eaves 
at 1 were still fairly 
turg id. 
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PLATE 7. 
Leaves on detached apple twigs maintaining their turgidity at the expense 
of water from the fruit. On the lower twigs with no fruit attached 
the leaves are wilted and practically dry, while the leaves above 
have been partially kept alive by the water they took from the fruit. 
Note t he shriveled cond i tion of the fru i t , though it was dipped in 
paraffin befor e it was placed in the basement room. 
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PLATE 8. 
Influence of fruit in maintaining turgidity of leaves on a detached 
Lombard plum twig. Number 1 with no fruit attached shows the 
leaves wilted badly; in fact they were wilted much wor-se than the 
plate would i ndicate, while the leaves on 2 were in a reasonably 
turgid condition on account of the water they took from the fruit. 
Leaves remained alive until the fruit was shriveled very badly. 
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PLATE 9. 
Cherry twigs that had been detached for five days. Twig was chosen 
because the fruit was green; that of 2 because the fruit was ripe. 
The green fruits of 1 have shriveled much worse on account of 
the water loss than h a ve the ripe fruits on 2. The fruit on each 
was dipped in paraffi n. The molar concentration of the ripe fruit 
w as greater than that of the green fruit, and it seemed t hat the 
leaves removed the water from them more slowly. 
Pr.ATE 10. 
Pieces taken from the same gourd vine. on August 7 , 1913. On August 9 the piece of v ine with the fruit a ttached 
had the fres:1, turgid appearance shown in the plate, while the other, having no fruit to supply water , was 
badly wilted , in fact worse than the one with the fruit attached, after it had been detached for one week. 
The piece w ith the fruit attached still showed this turgid appearance on August 13th. 
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PLAn~ 11. 
A watermelon vine grown during the dry season ·Of 1911. Though the 
leaves remained healthy, the fruit shriveled in this manner, probably 
because of the greater osmotic concentration of the !eaves which 
took the water from the fruit. 
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P LATE 12. Young tomato plants. Numbers 2 and 3 were grafted by 
approach. When the union was sufficiently strong, the plants were 
pulled from the pots in which they grew, the roots washed clean, 
the roots of 2 placed in a sugar solution with a freezing po i nt 
depression of approximately 2 ° C. The roots of 3 were placed in 
water; both were kept in the solutions for two days. All of 3 and 
the roots of 2 were placed in a moist chamber where the top of 2 
came out through an opening i n the paraffi n paper cover. There 
could certainly have been little evaporat i on from the leaves i n the 
moist chamber as w i ll be shown by the turgid condition of the leaves 
of 4 which had been in the moist chamber with 3. Number 1 
was on the outside with 2 . It w i ll be seen that while 3 is bad ly 
wilted, the leaves of 2 are fairly tu r g i d, indicating that unquestion-
ably the water had passed from 3 through the union i nto the t issue 
of 2 on account of the increased osmotic concentration of the 
leaves of 2. 
P LATE 13. Layered tomato plants. Roots of 2 kept in water for two days; 1 kept in sugar solution two days. 
2 and 3 were then placed in a moist chamber with 1 exposed to the greenhouse air. Note how the water has been 
taken from 2 by the greater molar concentration of 1, acquired by its taking up the sugar solution. 
tJ I 
U1 
N 
\-' ,._, 
H 
[fl 
[fl 
0 
c:: 
i':J 
H 
~ 
Cl ,., 
H 
(j 
c:: 
t; 
" 0 
;.. 
t'"' 
t'1 
Y. 
..... 
t:1 
~ 
"-' 
'"" M 
z 
>-l 
~ 
>-l 
;.. 
j 
r\ 
z 
tj 
c: 
b 
t'1 
>-l 
H 
z 
z 
0 
...... 
~' 
